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Azimuthal angle (A<j!>) correlations are presented for a broad range of transverse momentum 
(0.4 < pt < 10 GeV/c) and centrality (0-92%) selections for charged hadrons from di-jets in 
Au+Au collisions at ^snn = 200 GeV. With increasing px , the away-side A(j!) distribution evolves 
from a broad and relatively flat shape to a concave shape, then to a convex shape. Comparisons to 
p-\-p data suggest that the away-side distribution can be divided into a partially suppressed "head" 
region centered at ~ tt, and an enhanced "shoulder" region centered at A^ ~ vr ± 1.1. The 
Pt spectrum for the associated hadrons in the head region softens toward central collisions. The 
spectral slope for the shoulder region is independent of centrality and trigger pt . The properties 
of the near-side distributions are also modifled relative to those in p -I- p collisions, reflected by the 
broadening of the jet shape in A0 and A?7, and an enhancement of the per-trigger yield. However, 
these modifications seem to be limited to pt < 4 GeV/c, above which both the hadron pair shape 
and per-trigger yield become similar to p -I- p collisions. These observations suggest that both the 
away- and near-side distributions contain a jet fragmentation component which dominates for Pt -SJ 5 
GeV and a medium-induced component which is important for pt ^ 4 GeV/c. We also quantify the 
role of jets at intermediate and low px through the yield of jet-induced pairs in comparison to binary 
scaled p -|-p pair yield. The yield of jet-induced pairs is suppressed at high pair proxy energy (sum 
of the px magnitudes of the two hadrons) and is enhanced at low pair proxy energy. The former 
is consistent with jet quenching; the latter is consistent with the enhancement of soft hadron pairs 
due to transport of lost energy to lower px . 

PACS numbers: 25.75.Dw 
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I. INTRODUCTION 

High transverse momentum (px ) partons are informa- 
tive probes of the high energy density matter created in 
nuclear collisions at the Relativistic Heavy-Ion Collider 
(RHIC). These partons lose a large fraction of their en- 
ergy in the matter prior to forming final state hadrons. 
Such an energy loss is predicted to lead to a reduction 
of both single hadron and correlated dihadron yields at 
high Pt [3,l2, (H, a phenomenon known as jet-quenching. 
Indeed, current results for high have revealed a strong 
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suppression of inclusive hadron yields 0, [1, Q i as well as 
the suppression of correlated away-side hadron pairs [1] . 

Despite this strong suppression, particle production for 
Pt ^ 5 GeV/c appears to have a significant contribution 
from in- vacuum jet fragmentation. This is suggested by a 
BT_-independent suppression factor for single hadrons 0, 
S H 0] ' which implies a p+p-\ike power law spectral shape 
in Au-|-Au collisions, and similar 7r° to rj meson 0, llG | 
and proton to pion 0, [HI ratios between Au-|-Au and 
p+p collisions. More direct evidence has been provided 
by high-pT dihadron azimuthal angle (A0) correlations 
measurements. In particular, our current measurements, 
as well as prior ones [H, reveal characteristic jet- 
like peaks for the near-side (Ai^ ^ 0) and the away-side 
(Acf) ^ tt) at high px ■ 

In most energy loss models, the stopping power of the 
medium is normally characterized by the transport coeffi- 
cient q, defined as the squared average momentum trans- 
fer from the medium to the hard parton per unit path 
length. However, due to the steeply falling parton spec- 
tra and strong jet quenching, the observed high-px single 
hadrons and hadron pairs mainly come from (di)jets that 
suffer minimal interaction with the medium. Thus, the 
overall suppression factor is sensitive to the full energy 
loss probability distribution instead of just the average 
energy loss itself. In fact, simple calculations [13] with 
different energy loss probability distributions have been 
shown to match the data quite well. However, the ex- 
tracted (q) values are sensitive to the theoretical models 
and their associated assumptions (isj . Additional exper- 
imental constraints on the dynamics of the energy loss 
processes are clearly needed. 

In order to improve our understanding of the parton- 
medium interactions, it is important to study the fate 
of partons that suffer energy loss in the medium. These 
partons are quenched by the medium and their energy is 
beheved to be transported to lower-^j hadrons (Vr 5, 4 
GeV/c). Prior measurements [1, M, 113, E, Esl, H 
in this pT region, as well as the present study, indicate 
strong modifications of the near- and the away-side Acj) 
distributions. The near-side jet-induced pairs peak at 
A(f) ~ 0, but the peak is broadened and enhanced with 
respect to p + p collisions. The away-side jet-induced 
pairs are observed to peak atA0-7r±l.l[ll[il[ii| 
with a local minimum at A(/) ~ tt. These modification 
patterns reflect characteristics of the energy transport of 
the quenched partons in both px and A(f). Many mech- 
anisms for this en ergy transport have been proposed for 
the near-side '21', I22j2|j23, '25', '26', ^ and away- 
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side [23, 24, 25, 

Such energy transport is expected to enhance jet con- 
tributions to the production of low-px hadrons. However, 
jet-induced hadron pair correlations can be affected by 
soft processes such as hydrodynamical flow [s^] and quark 
coalescence [H, H^, Ho, |4l| , which dominate the hadron 
production in the intermediate px region. The coupling 
of partons with hydrodynamical flow could modify the 
jet shape and yield. Similarly, quark coalescence could 



modify t he p article composition in the near- and away- 
side jets [H^lil]. Therefore, detailed correlation studies 
for px ^ 4 GeV/c can improve our knowledge of the in- 
terplay between soft and hard processes for hadron pro- 
duction. 

In this paper we present a detailed survey of the trig- 
ger pt , partner px and centrality dependence of the near- 
and away-side jet shapes and yields from Au-t-Au col- 
lisions. These measurements provide a comprehensive 
overview of the different physical features that come into 
play for different px ranges, and provide new insights on 
the interplay between the processes leading to jet energy 
loss and the response of the medium to the lost energy. 
In addition, they allow a detailed study of the similarities 
and differences between the correlation patterns for the 
near- and away-side jets. When coupled with inclusive 
hadron production, these measurements also allow quan- 
tification of the role of jets at intermediate px , where 
the particle production is believed to be dominated by 
the soft processes. 

The results reported here com pris e significant exten- 
sions to results published earlier [l3l . [Tgj . In Section II, 
we introduce variables used to quantify the jet proper- 
ties and their in-medium modifications. In Section HI, 
we present data analysis details, jet signal extraction and 
background subtraction, and several sources of system- 
atic errors related to the measurements. The main results 
are presented in Section IV and model comparisons and 
discussions are given in Section V. Several technical is- 
sues related to the correlation analysis are addressed in 
Appendices A-C, and tabulated data are given in Ap- 
pendix D. 



II. JET AZIMUTHAL CORRELATIONS 

The defining characteristic of a jet is the coUimated 
production of hadrons in the direction of a fragment- 
ing parton. Traditionally, such energetic jets have been 
identified using standard jet reconstruction algorithms. 
However, direct jet reconstruction in heavy ion collisions 
is difficult due to the large amount of soft background. 
Measurements in a relatively limited acceptance also pose 
additional challenges because of a possible leakage of the 
jet fragments outside of the detectors acceptance. 

The two-particle (dihadron) relative azimuthal angle 
{A(f)) correlation technique provides an alternative ap- 
proach for accessing the properties of jets. Two classes 
of hadrons, trigger hadrons (denoted as type a) and part- 
ner hadrons (denoted as type &), typically from different 
Px ranges, are correlated with each other. Jet properties 
are extracted on a statistical basis from the A0 distri- 
bution built of many events. This approach overcomes 
problems due to background and limited acceptance, and 
allows the study of jets to be extended to low px where 
soft processes dominate. 

To leading order in QCD, high-pxjets are produced 
back-to-back in azimuth. This back-to-back correlation 
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is, however, smeared by the fragmentation process and 
initial and final state radiation, to give a characteris- 
tic Acj) distribution schematically shown in Fig. [1] [3]. 
Hadron pairs from the same jet (near-side) dominates at 
A0 — <j>^ — (f)^ ^ and those from back-to-back dijets 
(away-side) tend to appear at A(j) ^ tt. 
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FIG. 1: (Color online) Cartoon of hadron pair distribution 
in A(/> for p collisions. It has two peaks corresponding to 
near- and away-side jet, and a flat component representing 
the underlying event pairs. 

Two observables which are commonly exploited in di- 
hadron correlation studies are the hadron-pair yield (the 
rate of jet-induced hadron pairs per-event, JPY) and the 
per-trigger yield (jet-induced hadron-pair yield divided 
by trigger yield, Ijotjnd) in a given event sample. The 
former is related to the two-particle cross-section for jet 
production; the latter is related to the ratio of the two- 
particle to single-particle cross-sections: 



JPY(p|,p^,A0) 



Sn- 



ab 



^ovts dp^dp}^dA(j) 

_ind 

c^tot dp^dp\dA(t) ' 



(1) 



i^ctJ„d(PT,PT,A0) = JPY(p^,p!^,A0) 



Nc^,tsdp\ 



d^ 



^jct_ind 



dp^dp^dAcj)/ dp^ 

where N'^^ is the number of jet-induced hadron pairs, 
A'evts is the number of events and dtot is the semi- 
inclusive cross-section for that event sample. Thus, JPY 
is simply the product of the per-trigger yield and the 
number of triggers. To first order, the two-particle 
cross-section for the near-side jet is governed by the di- 
hadron fragmentation function. By contrast, the cross- 
section for the away-side jet is governed by two indepen- 
dent fragmentation functions, i.e one parton produces a 
hadron with p^ and the other scattered parton produces 
a hadron with p!^. 



In A-l-A collisions, the single and dihadron cross- 
sections can be modified by the medium. This modifi- 
cation can be quantified by comparing the yield in A-f A 
collisions to that for p + p collisions. Thus, modification 
to the single hadron cross-section is characterized by the 
nuclear modification factor, Raa 



-Raa(pt) 



l/a,^,da^+^/dpT 
{N,on)/T^^,daP+P/dpT 



(3) 



where a.^. and cr , are the semi- inclusive cross-section 

A+A p+p 

in A-t-A and p + p collisions, respectively. (-/Vcoii) is the 
average number of binary collisions for a given centrality 
selection in A-l-A collisions. Modification of the dihadron 
cross-section can be characterized by Jaa, which is de- 
fined as, 



Aa(pt,Pt,A(/.) = 

1 A+A 
_ t " "jct_ind 



JPY 



A+A 



(A^coii) JPYP+P 

/ (iVcoll 



(4) 



" '^jct_ind 



<7 A+A dp?^dp^d Acj) / (Jp^p dp^dpl^dA(j) 

In the absence of nuclear effects, both the single and 
dihadron cross-sections from jets are expected to scale 
with (A^coii)- Therefore, i?AA and Jaa should be equal 
to unity. 

The medium modifications of jets are also character- 
ized by the per-trigger yield and its corresponding mod- 
ification factor, Jaa- 



/aa(pt>Pt) = 



^rtJnd(PTjPT) 



jct_ind 



(5) 



In general, the value of Iaa depends on modifications 
to both the hadron-pair yield and the trigger yield. For 
high-pT correlation measurements, the per-trigger yield 
is a convenient choice since each jet typically produces 
at most one high-px trigger. Because of the steeply 
falling parton spectrum, the probability of having a 
high-pT parton that produces multiple trigger hadrons is 
small. Thus the per-trigger yield effectively represents 
the per-jet yield in p + p collisions, and Iaa represents 
the modification of the partner yield per-jet. For inter- 
mediate and low pt , however, jet fragmentation is not 
the only source of triggers, and this can lead to an arti- 
ficial reduction of the per-trigger yield (see discussion in 
Section IV. E). For such situations, Jaa is a more robust 
variable for correlation analysis since it is only sensitive 
to the modification of jet-induced hadron pairs. 

JPY and Jaa are symmetric with respect to p^ and p^. 
By contrast, the per-trigger yield and Jaa are not, due to 
the appearance of the normalization factor N'^ in Eq. [21 
This normalization factor is the only distinction between 
triggers and the partners in this analysis. In addition, 
JPY can be expressed in terms of the per-trigger yield 
and the inclusive yield as 



JPY(p^,pl^) = ljotJnd(p^,pJ^) 



dN'' 



Ncvtsdp^ 



(6) 
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Similarly, Jaa can be expressed in terms of Raa and Iaa 
as 

Jaa{Pt,Pt) = lAAiPT:PT)RAA{PT) (7) 

= /aa(Pt.Pt)^aa(Pt) 

Thus, /aa(Pt'-Pt) be calculated from /aa(Pt,Pt)' 
^aa(Pt) and i?AA(PT)- 

In the current analysis, the in- medium modifications of 
the jet shape and yield are characterized via comparisons 
of the per-trigger yield and hadron-pair yield in Au+Au 
and p + p collisions i.e, via Iaa and Jaa- As discussed 
earlier, these quantities are defined in their differential 
form in A(f>, p^ and pl^. Operationally, this means that 
the hadron-pair yields and the per-trigger yields are mea- 
sured in a finite pt range and/or integrated over a limited 
A(f) range. Jaa and Jaa are then obtained from these in- 
tegrated yields. 



TABLE I: Average number of nucleon-nucleon collisions 
{Ncoii} and participant nucleons (A^part) for several central- 
ity classes. (TVcoii) and (A'^part) are obtained from a Glauber 
Monte-Carlo simulation of the response of the BBC and ZDC 
in Au-I-Au collisions at y/stm = 200 GeV. The errors for these 
centrality classes are correlated. 



Centrality 


(Acoii) 


(Apart) 


- 5% 


1065 ± 105.5 


351.4 ±2.9 


5 - 10% 


854.4 ± 82.1 


299 ± 3.8 


1 - 20% 


602 6 + 59 3 


234 6 ± 4 7 


20 - 30% 


373.8 ± 39.6 


166.6 ±5.4 


30 - 40% 


219.8 ±22.6 


114.2 ±4.4 


40 - 50% 


120.3 ± 13.7 


74.4 ± 3.8 


50 - 60% 


61.0 ±9.9 


45.5 ±3.3 


60 - 70% 


28.5 ± 7.6 


25.7 ±3.8 


70 - 92% 


8.3 ±2.4 


9.5 ±1.9 


min. bias 


257.8 ± 25.4 


109.1 ±4.1 


- 20% 


779 ± 75.2 


279.9 ±4.0 


20 - 40% 


297 ±30.8 


140.4 ± 4.9 


40 - 60% 


90.6 ± 11.8 


60 ±3.5 


60 - 92% 


14.5 ±4 


14.5 ±2.5 



III. EXPERIMENTAL ANALYSIS 
A. Dataset and Centrality 

The results presented in this article are based on three 
datasets collected with the PHENIX detector at 
ysii7=200 GeV, during the 2004-2005 RHIC running 
periods. The first is comprised of a minimum-bias (MB) 
Au±Au dataset triggered by the Beam-Beam Counters 
(BBC) and the Zero-Degree Calorimeters (ZDC) and 
taken in 2004. The second is a MB p+p dataset triggered 
by the BBC and taken in 2005, and the third is a level-1 
triggered (LVLl) p+p dataset also obtained in 2005. The 
level-1 trigger requirement is an energy threshold of 1.4 
GeV in 4x4 electromagnetic calorimeter (EMC) towers 
in coincidence with the BBC trigger (4^. The MB and 
LVLl p + p datasets serve as baseline measurements for 
the Au±Au dataset; they are used to select triggers for 
Pt < 5 and p^ > 5 GeV/c, respectively. 

The collision vertex along the beam direction, z, was 
measured by the BBCs. After an offline vertex cut of 
\z\ < 30 cm and selecting good runs, a total of 840 million 
or 136/xb~^ Au±Au events were obtained. This is a factor 
x30 higher than obtained in a previous analysis [l^ ■ The 
total statistics for MB p + p and LVLl p + p datasets are 
equivalent to 73nb~^ and 2.5pb~^ sampled luminosities 
respectively. 

The event centrality was determined via cuts in the 
space of BBC charge versus ZDC energy The ef- 

ficiency of the MB triggered events is estimated to be 
92.2~^^'^% of the total Au±Au inelastic cross section (6.9 
barn) [7]. To optimize the reach of our results, rela- 
tively coarse centrality selections of 0-20%, 20-40%, 40- 
60%, 60-92.2% were chosen. However for pT < 4 GeV/c, 



excellent statistical significance of the measurements al- 
lows the results to be presented in fine centrality selec- 
tions of 0-5%, 5-10%, 10-20%, 20-30%, 30-40%, 40-50%, 
50-60%, 60-70%, 70-92.2%. 

A Glauber model Monte-Carlo simulation [H, |4^ that 
includes the responses of the BBC and ZDC was used to 
estimate the average number of binary collisions {Ncou), 
and participating nucleons (A^part) for each centrality 
class. These values are listed in Table. HI 



B. Tracking and Background Estimation 

Charged hadrons were reconstructed in the two cen- 
tral arms of PHENIX, each covering -0.35 to 0.35 in 
pseudo-rapidity and 90° in azimuth. Tracks were mea- 
sured outside the PHENIX central magnetic field by the 
drift chambers, located at a radius of 2.0 m from the 
vertex, and two layers of multi-wire proportional cham- 
ber (PCI and PC3), located 2.5 and 5.0 m, respectively, 
from the vertex [47[ . The momentum resolution was de- 
termined to be O.7%0 1.0%p (GeV/c) [z]. 

To reduce background particles that do not originate 
from the event vertex, such as weak decays and conver- 
sion electrons, tracks were required to have a matching 
hit within a ±2.3(t window in PC3. For > 4 GeV/c, 
an additional matching hit at the EMC was required to 
suppress background tracks that randomly associate with 
a hit in PC3 For triggers with > 5 GeV/c, a 
Pt -dependent energy cut in the EMC and a tight ±1. So- 
matching cut at the PC3 were applied to reduce the phys- 
ical background from post-field photon conversions and 
weak decays to a level < 10% of real tracks [53|. This 
energy cut helps to suppress any level-1 bias for the LVLl 
p + p dataset. We checked the consistency between the 
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MB and LVLl p + p dataset for triggers with pT > 5 
GeV/c by performing the same analysis separately on the 
two p + p datasets. Any remaining biases due to level-1 
trigger selection were found to be within the quoted er- 
rors. With these cuts, the background level for triggers 
was estimated to be < 5% for PT ^5 GeV/c, and in- 
creases to '-^ 10% for pt > 4 GeV/c [3- A -dependent 
correction to the per-trigger yield was used to account 
for this background. 

For partner hadrons, the same matching cuts used 
for trigger hadrons were applied. However, the px - 
dependent energy cut for 5—10 GeV/c partners was 
found to be unnecessary. The jet associated partner 
charged hadron spectrum is much flatter than that for 
the trigger hadrons. Thus, the background contamina- 
tion of partners is much reduced relative to that for the 
trigger hadrons. In addition, the background tracks con- 
tributing to combinatoric pairs do not affect the jet signal 
and can be subtracted out. 

A full GEANT simulation of PYTHIA jet events in 
the PHENIX detector, as detailed in ^5d\, was used to 
evaluate the effects of this high-px background for part- 
ner hadrons. Partner yields were extracted following the 
same procedures used for the actual data analysis. These 
were then compared to the input partner hadron spectra. 
For high-pT triggered events, the background contribu- 
tions to the partner hadrons were found to be less than 
10% for integrated partner yields in the 5-10 GeV/c cut. 

The single particle efficiency for triggers and partners, 
e"" and e'" in Eq.[Tn]and Eq.[I71 were determined such that 
the single unidentified hadron spectra reproduce the 
previously published data for Au-I- Au and p + p [5l[ . 
It includes detector acceptance, reconstruction efficiency, 
occupancy, and background Q. The detector accep- 
tance and reconstruction efficiency were estimated with a 
Monte-Carlo simulation in which simulated single tracks 
were reconstructed in the PHENIX detector, using the 
same analysis chain employed for the real data. The ef- 
ficiency loss due to detector occupancy in Au-|-Au col- 
lisions was estimated by reconstructing simulated single 
tracks embedded into real events. More details can be 
found in Au -I- Au and p + p [5l| analyses. 



C. Jet Signal Extraction 



We define the azimuthal correlation function as 



C(A</)) 



N' 



mixed 



(A0) 



(8) 



where Ar"™<=(A^) and Af™™'i(A0) are pair distributions 
from the same- and mixed-events, respectively. Each 
mixed-event is constructed by combining triggers from 
a real event with partners from a different, randomly se- 
lected event with similar centrality and collision vertex 
as the real event. 

The shape of the mixed-event pair distribution reflects 
the pair A(j> acceptance of PHENIX detector, but it does 
not contain physical correlations. The integral of mixed- 
event pairs reflects the rate of the combinatoric pairs. 



(9) 



where A^cvts is the number of events and (n^), (n^) rep- 
resent the average number of triggers and partners per- 
event in the PHENIX acceptance. Both Af"™<=(A(/)) and 
^mixodj-^^-j affected by the pair efficiency, which can- 
cels out in the ratio (see Appendix A). Therefore, the 
correlation function Eq. [5] contains only physical correla- 
tions. 

The elliptic flow correlation leads to a harmonic mod- 
ulation of the combinatoric pair distribution by a factor 
that is proportional to (1 -I- 2v2v\ cos 2A(^), where and 
1)2 are the average elliptic flow values for triggers and 
partners respectively. To extract the jet-induced pairs, 
we follow a two-source ansatz where each particle is as- 
sumed to come from a jet-induced source and an under- 
lying event containing elliptic flow. The pair distribution 
can be expressed as 

7V"^'"'=(A0) = ^(1 + 2z;tw^cos2A0)iV'"''^"'^(A0) 

-fJet(A0) (10) 

Where the Jet(A0) represents all pairs from (di-)jets. 
The integral of iV''™° can be written as. 



rfA^iV'^amc^^^-) = TVc^ts + / dA0Jet(A0) 



(11) 



Comparing to Eq. [9l we obtain 



The dihadron correlation technique is commonly em- 
ployed in PHENIX for jet measurements because it sur- 
mounts the challenges posed by the detector's limited 
azimuthal acceptance for single hadrons. Even so, physi- 
cal correlations due to anisotropic production of hadrons 
relative to the reaction plane in Au+Au collisions, i.e 
the elliptic flow, need to be distinguished from the jet 
correlations. In what follows, we layout the framework 
for our correlation analysis and an associated decompo- 
sition procedure used to separate the elliptic flow and jet 
correlation contributions. 



(12) 



Thus, ^ is simply the ratio of the trigger-partner combi- 
natoric rate in the same-event to that in mixed-events, 
which can be bigger than one due to centrality smearing 
(see discussion in Section llIIE|) . An alternative approach 
used to fix ^ is to assume that the jet function has zero 
yield at its minimum A^^in (ZYAM) [HiJ. 

Finally, the ratio of jet-induced pairs to combinatoric 
pairs from mixed events, JPR (jet-induced hadron-pair 
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ratio) is given by, 



JPR(A<?!)) 



_ Jet(A0) 



(13) 



N 



mixed 



(A0) 



2wf ^2 cos 2A(/)) 



A representative correlation function is given in Fig. [2] 
for 0-5% Au+Au collisions and for triggers and part- 
ners in 2-3 and 1-2 GeV/c, respectively. It shows a peak 
around A<p ^ and a broad structure around A0 ^ tt. 
The dashed line indicates the estimated elliptic flow mod- 
ulated background via ZYAM method. The area be- 
tween the data points and the dashed line reflects the 
jet-induced pair ratio. It is only a few percent relative to 
the background level. 



1.03 
1.02 



S 1.01 



<1 
O 



0.99 



0-5% 



1<p°<2<p°<3 GeV/c 



, 



•r 



2 4 

A^(rad) 

FIG. 2: (Color online) The correlation function for 2 < < 
3, 1 < Pt < 2 GeV/c in 0-5% Au-^Au collisions. The dashed 
line represents the estimated elliptic flow modulated combi- 
natoric background using zero yield at minimum (ZYAM) 
method (see SectionUTTE}. 

We define e^, as the single particle efficiency within 
the PHENIX pseudo-rapidity acceptance {\ri\ < 0.35). 
The true numbers of triggers and partners are given by 



(14) 



For uncorrelated sources, the triggers and partners are 
uniform in azimuth. Thus the true combinatoric pair 
distribution for mixed events is flat with A(f> with a den- 
sity of {uq) {uq) / {2tt) . The yield of jet-induced pairs per 
event, JPY, is given as the product of the combinatoric 
pair rate and the hadron-pair ratio, 



JPY(A0) 
_ / dA(l)N 



mixed 



JPR(A(/>) 



(n^)(n^) 
27rea£b 



jyinixed (z^^) 



-^(l + 2?;Xcos2A(/)) 



JPR(A(/)) 



(15) 



Thus far, we have not made any distinction between 
trigger and partner hadrons. As discussed earlier in Sec- 
tion ini the correlation function, hadron-pair ratio and 
hadron-pair yield are symmetric between the trigger and 
partner , i.e. 



JPR(p^,p!^) 
JPY(p^,p!^) 



JPR(p!^,p^) 
JPY(p!^,p^). 



and 



(16) 



The associated partner yield per trigger, Yjctjnd (A(/)) 
is obtained by dividing the hadron-pair yield per event 
with the number of triggers per event. 



yjot_ind(A?!)) = 



JPY(A0) _ / dAcl)N'^''""^{A(j)) 



(A0) 



TYmixed 



27rA^«^et 



C(l + 2wXcos2A0) 



(17) 



^ct jnd is often referred to as the per-trigger yield or con- 
ditional yield. It is clearly not invariant to the exchange 
of trigger and partner pT . 

The analysis proceeds in the following steps. We first 
measure the correlation function Eq. [H We then obtain 
the efficiency for partner hadrons (e^) and the elliptic 
fiow coefficients for the two hadron categories (w|,W2)- 
We then determine the background level (^) via ZYAM 
background subtraction method (see Section llllEp . fol- 
lowed by a calculation of the per-trigger yield according 
to Eq. [171 Subsequently, we obtain the hadron-pair yield 
by multiplying the per-trigger yield with the inclusive 
charged hadron yield 7] integrated in the corresponding 
trigger pT range. 

According to Eq. [HI the hadron-pair yields calculated 
from the per-trigger yields are independent of which 
hadron, from the pair, is used as trigger. We have used 
this fact to cross check the efficacy of our analysis. Fig- 
ure [3] compares the hadron-pair yields obtained when the 
trigger and partner px is exchanged in p + p collisions (in 
p^(E)p^). The open symbols indicate the results for low- 
Pt trigger hadrons in association with high-px partners. 
The filled symbols show the converse. A similar compari- 
son for 0-20% Au-|-Au collisions is shown in Fig.[51 Over- 
all good agreement is indicated by these distributions. It 
is important to emphasize here that there is no a priori 
reason for these distributions to be identical, since the 
cuts on trigger and partner hadrons are a little different 
(cf. Section. IIII Bp and therefore could lead to somewhat 
different systematic errors for each measurement. 



D. Elliptic Flow Measurement 

The differential elliptic flow measurements for charged 
hadrons were carried out with the reaction plane 
method [1^. The event plane (EP), which is the experi- 
mental estimate of the reaction plane (RP), is determined 
via the two BBCs positioned symmetrically along the 
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FIG. 3: (Color online) The p + p jet-induced hadron-pair 
yield Acp distributions calculated from the per-trigger yield 
using low-pT hadrons as triggers (solid symbols) and high- 
PThadrons as triggers (open symbols). 
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FIG. 4: (Color online) The 0-20% Au-(-Au jet-induced 
hadron-pair yield Atj) distributions calculated from the per- 
trigger yield using low-px hadrons as triggers (solid symbols) 
and high-pT hadrons as triggers (open symbols). 



beam line. They cover full azimuth and 3 < |?7| < 3.9 in 
pseudo-rapidity. The BBCs allow an unbiased measure- 
ment of the event plane, and ensures that there are no 
residual distortions on the correlation function that could 
result from the limited azimuthal coverage of PHENIX 
central arms. A detailed analytical proof of this latter 
point is provided in Appendix B. 

We determine the value of elliptic flow, V2, as 



V2 



((cos2((/.-^Ep))) 

(C0S2($EP - $RP)) 



(18) 



where $ep is the event plane angle and $rp is the true 
reaction plane angle, W2,raw = ((cos2((/) — (/)ep))) is the 
raw V2 and Cy^ = (cos2(ci)EP — ^rp)) is the estimated re- 
action plane resolution. The former is obtained by aver- 
aging over all tracks and all events, the latter is obtained 
by averaging over all events. The resolution is estimated 
from the event plane angle of the north and south BBC 
as c„2 = ^2(cos2($EP,North - *EP, South) [H HI- It is 
0.3 for minimum bias events, and reaches a maximum 
of 0.42 in the 20-30% centrality bin. Further details are 
given in [s^ . 

Reliable extraction of the jet signal requires accurate 
determination of i;| and V2- To this end, non-flow ef- 
fects that lead to azimuthal correlations unrelated to 
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FIG. 5: (Color online) PYTHIA simulation showing jet- 
induced hadron pair A(j> distribution for 3 < Pt,Pt < 5 
GeV/c with (top histogram) and without (bottom histogram) 
initial and final state radiation. The radiation accounts for 
the increase of the background level. 



the true RP direction, need to be studied. These ef- 
fects include various long- or short-range correlations 
among clusters of particles, such as momentum conser- 
vation effects, resonance decays, HBT correlations and 
jets [H, HI]. While jets potentially bias the V2 measure- 
ment at high px J other non-flow effects may be impor- 
tant at low and intermediate pt . The values of f 2 are 
also sensitive to event by event fluctuations of the colli- 
sion geometry [13, [H, [sl, [sOl (so called V2 fluctuations), 
which affect all pt regions. 

A bias to V2 resulting from jets has been reported 
for high-pT hadrons (sij . However, the relative signifi- 
cance of other non-flow effects and V2 fluctuations is still 
under debate. Recent studies from PHOBOS [i^l and 
STAR suggest that the fluctuations dominate over 
the non-flow effects for the pt integral V2 ■ 

Following the two-source assumption in Eq. Illl any 
correlations other than jets are attributed to the back- 
ground term, i.e. 1 -I- 2V2V2 cos 2A<j). These naturally 
include most non-flow correlations and V2 fluctuations. 
In order to estimate the potential biases from jets and 
dijets, we carried out a detailed study in Appendix O in 
which we embedded dijet PYTHIA events into flow mod- 
ulated HIJING events. Our study shows that the large 
rapidity separation between the PHENIX BBCs and cen- 
tral arms greatly reduces the influence of jets on our V2 
measurements. Consequently, we use the BBC reaction 
plane 112 measurements to evaluate and subtract the el- 
liptic flow modulated background. 



E. Combinatoric Background Subtraction 

The background level ^ can be determined precisely 
if we know the exact functional form for the near- and 
away-side jets, or if we can independently measure the 
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underlying event rate. However, due to in-medium mod- 
ifications, the near- and away-side jets are not neces- 
sarily Gaussian, especially for A0 values away from 
and TT. Even in p + p collisions, the underlying event 
can include contributions from multiplc-parton interac- 
tion, beam remnants, initial and final state radiation [gH, 
which are related to the hard-scattering but not neces- 
sarily correlated in Acj). Such effects have been studied 
at the Tevatron [il, [6^1 and RHIC Q energies. For 
illustration purposes. Figure [5] shows the dihadron cor- 
relation from PYTHIA 66] with and without initial and 
final state radiation effects. The difference between the 
two is clearly significant. 

Rigorous decomposition of the jet from its underlying 
event currently requires assumptions about the jet shape 
or the physics of the underlying event. As discussed ear- 
lier, a simple approach to fix £ is to follow the subtraction 
procedure outlined in Refs. p^.[67j. That is, one assumes 
that the jet function has zero yield at its minimum A(/)iuin 
(ZYAM), after subtraction of the underlying event. The 
uncertainty on ^ from this procedure is related to the 
statistical accuracy of the data around Ac^min. In the 
present analysis, this uncertainty is negligible at low px , 
but becomes important for p^'^ > 4 GeV/c in central 
collisions. 

The ZYAM procedure, by definition, provides only a 
lower limit on the jet yield. To estimate the possible 
over-subtraction of jet yield at A^min, we also made in- 
dependent estimates of ^ via an absolute combinatoric 
background subtraction method (ABS) [68] and by a fit- 
ting method. In the ABS method, ^, as defined by Eq.fT^ 
is assumed to reflect only a residual multiplicity smearing 
effect caused by intrinsic positive correlations between 
the rip and rig in real events, i.e. a larger Uq implies a 
larger nfj and vice versa. Because of this positive cor- 
relation, the average of the product can become larger 
than the product of the average, i.e. {uqUq) > (nQ)(nQ) 
or ^ > 1. 

To estimate ^, we parameterize the centrality depen- 
dence of the trigger and partner rate from the measured 
single particle spectra in relevant momentum range, as a 
function of either A^part or A'coii 

K''^) = /(iVpart) = g(^con). (19) 

We then assume the event- by- event fluctuation of trig- 
ger and partner hadrons to follow a Poisson distribution 
around their mean values, 

Uq'^ — Poisson((nQ '^)). (20) 

However, we have verified that that our estimates are not 
very sensitive to the functional forms of the fluctuations. 

For each centrality bin, we determine the distribution 
of A'part and A'coU from standard PHENIX Glauber cal- 
culation [H, For each simulated event, we sample 
randomly from the A^part distribution, calculate the cor- 
responding mean value {n,Q'^) and then the actual value 
Uq'^ after taking into account the fluctuation. The same 



exercise is repeated for the A^coii distributions. The final 
f is given by the average of the two and their difference 
is taken as the systematic error. The correction mod- 
ifies the background level by 0.2% in the most central 
and 25% in 60-92% centrality bin. The ABS method and 
ZYAM methods give consistent ^ values in central colli- 
sions, but the ABS method gives somewhat lower values 
in peripheral collisions. 

In the fit method, Yjct_ind(A(/)) is fitted with a func- 
tion comprised of one near- and two symmetric away- 
side Gaussians, following a procedure similar to that re- 
ported in Ref. [l^. One important difference is that a 
region around tt {\A(j) — tt] < 1) is excluded to avoid the 
punch-through jet contributions (see Fig. [6]). Thus, the 
fit uses the near-side and the falling edge of the away- 
side to estimate the overlap of the near- and away-side 
Gaussians at A^min. This approach gives systematically 
lower ^ values than those obtained from the ZYAM and 
ABS methods. 




FIG. 6: (Color online) Per-trigger yield versus A(j> for vari- 
ous trigger and partner px (Pt ® Pt)j arranged by increasing 
pair proxy energy (sum of px ^.nd Pr), in p + p and 0-20% 
Au+Au collisions. The data in several panels are scaled as in- 
dicated. Solid histograms (shaded bands) indicate elliptic flow 
(ZYAM) uncertainties. Arrows in Fig. [SJ; depict the "Head" 
region (HR), the "Shoulder" region (SR) and the "Near-side" 
region (NR). 

Table. ITTl summarizes the f values from the three meth- 
ods. The results for the ZYAM and ABS methods are 
close, but the values from the fitting method are system- 
atically lower. This could be due to the correlations be- 
tween the fitting parameters or a limitation in the Gaus- 
sian assumptions for the jet shape. To avoid a possible 
overestimation of the jet yield in the A(f> region where 
the near- and away-side Gaussians overlap, we constrain 
the ^ to be > 1. This is a reasonable assumption in the 
absence of anti-correlation in trigger and partner hadron 



11 



multiplicity. We assign the differences with the ZYAM 
method as a one-sided systematic error on ^. This error 
is important in central collisions and for p'i^ < 3 GeV/c. 

TABLE II: Comparison of the ^ values obtained for three 
different normalization methods for several centrality selec- 
tions. They are calculated for 2.5 < < 4.0 GeV/c and 
1.0 < Pt < 2.0 GeV/c bin. 



Cent. 


ZYAM 


ABS 


Constrained fit 


0-5% 
20-30% 
50-60% 


1.0018 ± 0.0004 
1.015 ±0.0015 
1.076 ± 0.009 


1.0023 ± 0.0002 
1.012 ±0.003 
1.07 ±0.02 


0.998 ± 0.002 
1.004 ± 0.006 
1.054 ± 0.009 



F. Systematic Uncertainties 

We classify the systematic errors associated with the 
jet yield into three main categories: (1) Uncertainties 
in the single particle efficiency correction, e** and e^, for 
Au+Au and p + p; (2) Statistical and systematic uncer- 
tainties associated with the determination of the elliptic 
flow values, and V2, in Au+Au collisions; (3) Uncer- 
tainties associated with the determination of the com- 
binatoric background level ^ in both Au+Au and p + p 
collisions. 

The uncertainties associated with the efficiency correc- 
tions include contributions from the detector acceptance 
(5%), matching cuts (4%), momentum scale and momen- 
tum resolution (5%). The background contamination is 
estimated to be 5% for pT < 5 GeV/c, increasing to 10% 
for the 5-10 GeV/c bin. This leads to an overall system- 
atic error of ~ 10% for p^ < 5 GeV/c and 13% for the 
5-10 GeV/c bin. For central Au+Au collisions, there is 
an additional maximally 5%, centrality-dependent uncer- 
tainty due to occupancy effect. 

The propagation of uncertainties arising from the sin- 
gle particle efficiency are different for different jet vari- 
ables. For the per-trigger yield, it depends on the errors 
associated with the efficiency estimated for the partners 
(e''). For the hadron-pair yields, it depends on the errors 
related to efficiencies for both trigger (e'*) and partner 
(e^) hadrons. Since the efficiency correction uncertain- 
ties are similar for trigger and partner hadrons in both 
Au+Au and p + p collisions, we can use a single variable 
£ to represent them. If the uncertainties are indepen- 
dent between Au+Au and p + p, the total uncertainty 
would be ^ y/2Se/e for JPY and Iaa and 2Se/e for Jaa- 
However, some systematic errors partially cancel between 
Au+Au and p + p, especially those for the matching cut, 
momentum scale and momentum resolution. The total 
uncertainties are estimated to be 12% for Iaa and JPY, 
and 17% for Jaa- 

The statistical uncertainties for V2 are important in 
the most central and most peripheral centrality bins for 
Pt > 4 GeV/c. The systematic uncertainties are however 
driven by the uncertainty associated with the determina- 
tion of the reaction plane resolution; they are estimated 



to be ^ 6% for central and mid-central collisions, and 
~ 10% for peripheral collisions This error is nearly 
independent of , i-e SV2/V2 « SV2/V2, and the result- 
ing error for the hadron-pair ratio is, 

(5JPR(A(/)) = 2^{Sv2V2 +Sv^v^)cos2A(f) 

« ((5w2/w2)4v>2 COS2A0 (21) 

where the last approximation takes into account the fact 
that ^ is close to 1. Additional systematic errors related 

to V4 and the factorization assumption that (f|t'2} = 

{v2){v2), were also estimated and found to be small '1^. 

The uncertainty due to ^ (ZYAM uncertainty) can be 
expressed as, 

(5JPR(A(/)) = (1 + '2V2V2 cos 2A(/)) « (22) 

where we ignored the cos 2A(j> term since 2u|w2 1 ■ The 
uncertainty of ^ includes both the statistical error of the 
data points around A^min and the systematic error from 
the fitting procedure. 

Table, mil summarizes the systematic errors for the jet 
yield in 0-20% Au+Au colfisions due to V2 and ZYAM 
subtraction. Errors for several combinations of trigger 
and partner px (in p^^p^) are given. The uncertainties 
are A0 dependent, so we present them separately for 
the three regions used in this analysis: a "head" region 
(|A0-7r| < 7r/6, HR), a "shoulder" region (tt/G < |A0- 
7r| < 7r/2, SR) and the "near-side" region (|A0| < tt/S, 
NR). These regions are indicated in Figure [5J;. 

The three types of systematic errors impacts the jet 
shape and jet yield differently. The single particle effi- 
ciency correction is a multiplicative factor, so its uncer- 
tainty inffuences the normalization of the jet yield, but 
does not influence its shape. The uncertainties associ- 
ated with the elliptic flow varies with A(/). It is largest 
for regions around and tt, but reaches a minimum in 
the shoulder region. The influence of the ^ uncertainty 
on the jet yield also depends on A(/). It is the dominant 
uncertainty for the away-side yield at high px • 

IV. RESULTS 

A. Jet-induced Dihadron Azimuthal (A(j!>) 
Distributions 

Figure [6] shows a representative subset of the per- 
trigger yield distributions, yjct_ind(A0) for various combi- 
nations of trigger and partner px (Pt^Pt) for p+p and 0- 
20% Au+Au collisions, arranged by increasing pair proxy 
energy, i.e. by — Pt Pt- The comprehensive ar- 
ray of results, covering the momentum range of 0.4 to 10 
GeV/c from which this subset is derived, are summarized 
in Appendix D (Figs l551l55)) . From Eq.lHl one can see that 
the distributions for p^ (X) p^ and p^ (g) p^ are related to 
each other by a normalization factor TiQ/rig, i.e, the ratio 
of the number of hadrons in the two px ranges. We have 
checked that these distributions, when re-scaled by nfj or 
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TABLE III: Systematic errors for the per-trigger yield in 0-20% Au+Au collisions for several combinations of trigger and 
partner pT (in trigger pT® partner Pt)- The errors are in percentage and are shown separately for near-side (|A0| < 7r/3), 
away-side (|A<^ — 7r| < 7r/2), away-side head region {\A(j} — 7r| < 7r/6), and away-side shoulder region (vr/G < | — n\ < 7r/2). 



Errors in % 2 - 3 $ 


5 0.4 - 1 GcV/c 2-3 


g) 2 - 3 GeV/c 3 - 4®3 - 4 GeV/c 4-5 


®4 - 5 GoV/c 5 - 


- 10O5 - 10 GeV/c 


near-side 


V2 err. 


±18 


±9.5 


±3.8 


±1 


< 1 


ZYAM err. stat. 


±0.9 


±1.1 


±4.1 


±9 


±8 


ZYAM over-sub. 


±30 


±9.5 


< 1 


< 1 


< 1 


away-side 


V2 err. 


±10 


±10 


±9.3 


±3 


±1 


ZYAM err. stat. 


±0.8 


±2 


±17 


±39 


±28 


ZYAM over-sub. 


±28 


±17 


< 1 


< 1 


< 1 


away-side head region 


V2 err. 


±26 


±42-39 


±36-34 


±5 


±1 


ZYAM err. stat. 


±1 


±3 


±27 


±32 


±16 


ZYAM over-sub. 


±28 


±29 


< 1 


< 1 


< 1 


away-side shoulder region 


V2 err. 


±2.6 


±2.3 


±2 


±1 


±1 


ZYAM err. stat. 


±0.8 


±1.6 


±15 


±43 


±45 


ZYAM over-sub. 


±27 


±15 


< 1 


< 1 


< 1 



Uq, are consistent with each other. These Ac/) distribu- 
tions not only carry detailed jet shape and yield informa- 
tion, they serve as a basis for our systematic study of the 
Pt dependence of the contributions from various physical 
processes. 

The results in Fig. [6] constitutes one of many possi- 
ble ways of illustrating the evolution from low px to high 
Pt in the two dimensional space of and p!^. It is de- 
signed to highlight the main features of an evolution from 
the soft-process dominated low-px region to the hard- 
process dominated high-px region. As shown in the fig- 
ure, the p + p data show essentially Gaussian away-side 
peaks centered at tt for all p^ and p^. By con- 

trast, the Au±Au data show substantial modifications 
relative to those ioi p + p collisions, and these modifi- 
cations vary non-trivially with p^ and pi^. For a fixed 
value of Figs. [6^ -[6li reveal a striking evolution from 
a broad, roughly flat away-side peak to a local minimum 
at A(j) ~ TT with side-peaks at Acj) ~ tt ± 1.1. Inter- 
estingly, the location of the side-peaks in A(j) is found 
to be roughly constant with increasing p^ (see Fig. [TlT) . 
Such Pt independence is compatible with an away-side 
jet modification expected from a medium-induced Mach 
shock 35] but provides a challenge for models which in- 



corporate large angle gluon radiatio n 131 



33|, Chcrcnkov 



gluon radiation [34| or deflected jets |23l . 29| 

For relatively large values oip^^p!^, Figs.lS^ -[Bh (also 
FiglM)) show that the away-side jet shape for Au±Au 
gradually becomes peaked as for p±p, albeit suppressed. 
This "re-appearance" of the away-side peak seems to be 
due to a reduction of the yield centered at Acj) ~ tt ± 1.1 
relative to that at Ac/) ^ vr, rather than a merging of 
the peaks centered at Acj) ~ tt ± 1.1. This is con- 
sistent with the dominance of dijet fragmentation at 
large Pt ^ Pti possibly due to jets that "punch-through" 
the medium fl4!| or those emitted tangentially to the 



medium's surface [69j. 

The evolution pattern of the away-side jet shape 
with Pt suggests separate contributions from a medium- 
induced component at Acj) ~ 7r± 1.1 and a fragmentation 
component centered at tt. A model independent 

study of these contributions can be made by dividing the 
away-side jet function into equal-sized "head" (|A0— vrj < 
tt/6, HR) and "shoulder" (7r/6 < |A(/) - 7r| < tt/2, SR) 
regions, as indicated in Fig.[Bl;. 

Figure [S] also shows significant modifications of the 
near-side A0 distributions. For the p^ (g) p^ bins where 
the away-side has a concave shape, the near-side jet also 
shows a clear enhancement in the yield and a modifi- 
cation of the width relative to p + p. To facilitate a 
more detailed investigation, we define a "near-side" re- 
gion (|A(/)| < 7r/3, NR) as indicated in Fig.[BJ:. In the fol- 
lowing, we focus on the jet-induced pairs in these three 
Acj) regions, and discuss in detail the pr and centrality 
dependence of their shapes and yields. 



B. Medium Modification of Away-side Jets 

1. Away-side jet shape 

We characterize the relative importance of the jet 
yields in the HR and the SR by the ratio, i?HS , 



R 



/A0eHR/^^'?^^<=t-ind(A</') /I 



HS 



A./.GSR 



dA01^et.ind(A0; 



A0eHR 



dAcj) 



L 



A06SR 



dAcj) 



23) 



i.e. it is a ratio of area-normalized jet yields in the 
HR and the SR. This ratio reflects the away-side jet 
shape and is symmetric with respect to p^ and p^, i.e. 
^hs(Pti-Pt) — ^hs(Pt'-Pt)- For concave and convex 
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shapes, one expects i?HS < 1 and i?HS > 1 respectively; 
for a flat distribution, i?HS — 1- 

Figure [7] shows the p!^ dependence of i?HS for both p+p 
and central Au+Au coUisions for four bins. The un- 
certainty for efficiency corrections drops out in the ratio; 
the V2 errors (shaded bars) and ZYAM errors (brackets) 
are correlated in the two regions, thus they partially can- 
cel. 

The i?HS values for "p + y are always above one and 
increase with This reflects the narrowing of a peaked 
away-side jet shape with increasing p!^. In contrast, the 
ratios for Au-|-Au show a non-monotonic dependence on 
. They evolve from i?HS ^ 1 for or < 1 GeV /c, 
through i?HS < 1 for 1 < p'^'" < 4 GeV/c, followed by 
i?HS > 1 for > 5 GeV/c. These trends reflect the 
competition between medium-induced modification and 
jet fragmentation in determining the away-side jet shape, 
and suggest that the latter dominates ioi- pj.^ > 5 GeV/c. 

-Rhs values for Au-|-Au are smaller than those for 
p + p even at the highest pt ■ This difference could be 
due to some medium modification of the punch-through 
jets. However, the HR yield dominates the SR yield 
(-Rhs ^ 1) in this region, and the values for i?HS 
becomes very sensitivity to the SR yield. For instance, a 
small enhancement of the SR yield can significantly re- 
duce the value of i?HS , without significantly affecting the 
overall away-side feature. 
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FIG. 7: (Color online) Rus versus for p + p (open) and 
Au+Au (filled) collisions for four trigger selections. Shaded 
bars (brackets) represent pT -correlated uncertainties due to 
elliptic flow (ZYAM procedure). 

i?HS values reach their minimum around 2-3 GeV/c. 
Additional information can be obtained from their cen- 
trality dependence, as shown in Fig. [8] for 2 — 3(g)2 — 3 
GeV/c bin. _Rhs starts at around 3 for p+p collisions but 
quickly drops and crosses 1 at A^part ~ 80. It then slowly 
decreases with A'^part to a level of about 0.5 in central 
collisions. This trend implies a quick change of the HR 
and/or SR yield in relatively peripheral collisions. The 
saturation of the _Rhs for A'pait > 200 may suggest that 
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FIG. 8: (Color online) Rns versus iVp^rt for 2-3 ® 2-3 GeV/c. 
Shaded bars (brackets) represent pt -correlated uncertainties 
due to elliptic flow (ZYAM procedure). The most left point 
is from p + p. 



TABLE IV: Centrality dependence of Rhs for 2 < p^,p}^ < 3 



GeV/c (Fif 










(iVpart) 


Rhs 


Stat. 


112 Err. 


Norm Err. 


351.4 


0.451 


0.030 


-HO.080-0.087 


+0.028-0.021 


299.0 


0.402 


0.024 


-HO.158-0.175 


+0.051-0.019 


234.6 


0.526 


0.018 


+0.268-0.308 


+0.102-0.011 


166.6 


0.614 


0.021 


+0.351-0.402 


+0.133-0.009 


114.2 


0.821 


0.030 


+0.395-0.477 


+0.031-0.006 


74.4 


1.126 


0.045 


+0.333-0.394 


+0.005-0.022 


45.5 


1.427 


0.060 


+0.175-0.215 


+0.020-0.018 


25.7 


2.130 


0.125 


+0.196-0.267 


+0.081-0.110 


9.5 


2.603 


0.164 


+0.099-0.158 


+0.125-0.124 


2.0 


2.848 


0.090 




+0.060-0.056 



the HR yield is dominated by the feed-in of the SR yield 
(see further discussion in Section lTVB 2[) . 

Although the px and centrality dependence of i?HS sug- 
gests that the away-side yield contains separate contribu- 
tions from a fragmentation component (in the HR) and 
a medium-induced component (in the SR), i?HS does not 
constrain the shape of the two components directly. An 
alternative approach for quantifying the away-side shape, 
is to assume a specific functional form for these two com- 
ponents and carry out a model-dependent fit. Such a fit 
was performed with the following two functional forms. 



y;FITl 
jct_ind 



(A0) 



D) 



(24) 



G2{A(t) - IT - D) + K 

Gi(A</)) +G2(A0-7r + D)+ (25) 
G2{A(f> -7T-D) + GsiAcf) - vr) + K 



The first (FITl) assumes two Gaussian shoulder com- 
ponents located symmetrically about tt, each separated 
by the distance D from tt. The second (FIT2) assumes 
the same shoulder components but also includes an ad- 
ditional Gaussian component centered at tt; the latter 
represents the jet fragmentation contribution, and is pa- 
rameterized to have the same width as that for the p + p 
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away-side jet. FITl has six free parameters: background 
level (k), near-side peak integral and width, shoulder 
peak location (D), integral and width. In addition to 
the parameters of FITl, FIT2 has a parameter which 
controls the integral of the fragmentation component. 

The separate contributions of FITl and FIT2 arc il- 
lustrated for a typical (g) in Fig. [51 
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FIG. 10: (Color online) a) D versus A^'part from FITl (solid 
circles) and FIT2 (open circles) for 2 - 3 (g) 2 - 3 GeV/c bin. 
The error bars are the statistical errors; The shaded bars and 
brackets are the systematic errors due to V2. b) The fraction 
of the shoulder Gaussian yield relative to the total away-side 
yield as function of A'^part determined from FIT2. 



FIG. 9: (Golor online) Per-trigger yield Acp distribution and 
corresponding fits for 2 — 3(8)2 — 3 GeV/c in 0-5% Au-|-Au col- 
lisions. FITl (FIT2) is shown in the left panel (right panel). 
The total fit function and individual components are shown 
relative to the k level indicated by the horizontal line. 

The two fits treat the region around = vr differ- 
ently. FIT2 tends to assign the yield around tt to the 
center Gaussian, while FITl tends to split that yield into 
the two shoulder Gaussians. Note, however, that a single 
Gaussian centered at tt can be treated as two shoulder 
Gaussians with D — 0. Thus FITl does a good job at 
low pt and high , where the away-side is dominated by 
shoulder and head component, respectively. It does not 
work as well for intermediate px , where both components 
are important. The center Gaussian and shoulder Gaus- 
sians used in FIT2 are strongly anti-correlated. That is, 
a small shoulder yield implies a large head yield and vice 
versa. In addition, the center Gaussian tends to "push" 
the shoulder Gaussians away from vr, and this results in 
larger D values than obtained with FITl. 

Figure [TUb shows the D values obtained from the 
two fitting methods as a function of centrality for the 
Pt selection 2 — 3 (8) 2 — 3 GeV/c. The systematic errors 
from V2 are shown as brackets (shaded bars) for FITl 
(FIT2). The values of D for FITl are consistent with 
zero in peripheral collisions, but grow rapidly to ^ 1 
for TVpart ~ 100, approaching ^ 1.05 in the most cen- 
tral collisions. The D values obtained from FIT2 are 
slightly larger (^ 1.2 radians) in the most central col- 
lisions. They are also relatively stable to variations of 
V2 because most of the yield variation is "absorbed" by 
the center Gaussian (cf. Fig. [TOb). Thus, the associated 
systematic errors are also smaller than those for FITl. 

For A'part < 100, the centrality dependence of D is also 
quite different for FITl and FIT2. As seen in Fig. [TOl 
the D values for FIT2 are above 1. However the away- 
side yield in the SR, associated with these D values, are 
rather small and the away-side distribution is essentially 
a single peak centered around tt. For such cases, the 



values of D are prone to fluctuations and non-Gaussian 
tails. The deviation between the D values obtained with 
FITl and FIT2 for iVpart < 100 simply reflects the weak 
constraint of the data on D in peripheral collisions. 

Figure [TT] shows the px dependence of D in 0-20% cen- 
tral Au-|-Au collisions. The values from FIT2 are ba- 
sically flat with p}^. Those from FITl show a small in- 
crease with p}^, but with a larger systematic error. At low 
Pt , the values from FITl are systematically lower than 
those from FIT2. However, they approach each other at 
large p^^. From FITl and FIT2, it appears that the val- 
ues of D covers the range 1-1.2 radians for Pt,Pt ^ 4 
GeV/c. This trend ruled out a Cherenkov gluon radia- 
tion model [3?] (with only transition from scalar bound 
states) , which predicts decreasing D with increasing mo- 
mentum. 



2. Away-side jet per-trigger yield 

Relative io p -\- p, the Au-|-Au yield is suppressed in 
the HR but is enhanced in the SR (cf. Fig. [6]). A more 
detailed mapping of this modification pattern is obtained 
by comparing the jet yields in the HR and SR as a func- 
tion of partner p^ . Such a comparison is given in Fig. [T2| 
for central Au-|-Au and for p -\- p collisions. The figure 
shows that, relative to p -\- p, the Au-|-Au data are en- 
hanced in the SR for low , and suppressed in the HR 
for high px ■ The shape of the Au-f Au spectra in the HR 
is also quite different from that for p -\- p. For p^^ < 4 
GeV/c, the spectra for Au+Au are steeper than those 
for p -\- p. For higher px , both spectra have the same 
shape (parallel to each other) but the yield for Au-t-Au 
is clearly suppressed. 

To quantify this suppression/enhancement, we use the 
per-trigger yield ratio /aa, the ratio of per-trigger yield 
for Au-|-Au collisions to that for p-|-p collisions (cf. Eq.[n]) . 
Such ratios for the HR and the HR-I-SR are shown as a 
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FIG. 11: (Color online) Values of D determined from FITl 
(solid circles) and FIT2 (open circles) as function of partner 
Pt for three trigger px ranges in 0-20% Au+Au collisions. The 
error bars are the statistical errors. The shaded bars and 
brackets are the systematic errors due to elliptic flow. 



function of for four different selections in Fig. [T31 
For triggers of 2 < p| < 3 GeV/c, Iaa for HR+SR 
exceeds one at low p^, but falls with px ^ and crosses 
one around 3.5 GeV/c. A similar trend is observed for 
the higher p^ triggers, but the enhancement for low p}^ is 
smaller and the suppression for high p^ is stronger. The 
Iaa values in the HR are also lower relative to HR+SR, 
for all Pj-^- For the low-pT triggers, the HR suppression 
sets in for 1 < < 3 GeV/c, followed by a fall-off for 
Pt ^ ^ GeV/c. For the higher-px triggers, a constant 
level ~ 0.2 — 0.3 is observed above ~ 2 GeV/c, similar to 
the suppression level of inclusive hadrons Q . 

For comparison. Fig. [T?] shows the Iaa for peripheral 
collisions. They indicate that, in contrast to the values 
for central collisions, there is only a small suppression in 
both the HR and the HR+SR for low-pT triggers at large 
p!p. Moreover, the overall modifications are much smaller 
than observed for the more central Au+Au collisions. 

A more detailed view of the enhancement/suppression 
patterns in the SR/HR can be provided by investigating 
their centrality dependence. Figure [15] shows the per- 
trigger yield in the SR and HR as function of A'^part for 
trigger px of 3-4 GeV/c and five partner px bins ranging 
from 0.4 to 5 GeV/c. With increasing partner px , both 
the SR and HR yields show a characteristic evolution 
with iVpart ■ That is, they first show an increase, followed 
by an essentially fiat dependence, followed by a decrease 
(in the HR only). However, the values of p^ at which 
the centrality dependence becomes fiat is quite different 
for the SR and the HR {p^ ~ 4 GeV/c for the SR and 
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FIG. 12: (Color online) Per-trigger yield as function of part- 
ner PT for the HR (left panels) and the SR region (right pan- 
els). Filled (open) circles represent the 0-20% Au+Au (p + p) 
collisions. Results for four trigger pT in 2-3, 3-4, 4-5, 5-10 
GeV/c are shown. The shaded bars represent the total sys- 
tematic uncertainties. 



Pt ~ 1 — 2 GeV/c for the HR, respectively). 

Figures[T3]and[T5]provide clear evidence that in central 
Au+Au collisions, there is significant yield suppression in 
the HR and an enhancement in the SR. The suppression 
for the HR is consistent with a jet quenching scenario 
in which the HR yield at high px is dominated by radi- 
ated gluons and jets which survive passage through the 
medium. The enhancement for the SR could refiect the 
dissipative processes that redistribute the energy lost in 
the medium. 

Several previous jet correlation measurements were 
carried out for an intermediate range of p^ Px B 
[Hj [H, m, [lOl and/or in a hmited away-side integration 
window roughly equal to the HR [1, [H HI, [tO] . How- 
ever, Fig. [15] shows that away-side yield modifications 
are sensitive to both px and the A(f) integration range. 
By choosing a certain px and Acj) range, the combined 
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FIG. 13: (Color online) Iaa versus for four trigger pT bins 
in HR+SR (IA0 - tt] < 7r/2) and HR (|A0 - 7r| < 7r/6) 
in 0-20% Au+Au collisions. The shaded bars and brackets 
represent the total systematic errors in the two regions. They 
are strongly correlated. Grey bands around Iaa = 1 represent 
12% combined uncertainty on the single particle efficiency in 
Au+Au and p + p. 
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FIG. 14: (Color online) Iaa versus p^ for four trigger pT bins 
in HR+SR {\Acj) - n\ < tt/2) and HR (|A0 - tt\ < tv/6) 
in 60-92% Au+Au collisions. The shaded bars and brackets 
represent the total systematic errors in the two regions. They 
are strongly correlated. Grey bands around Iaa ~ 1 represent 
12% combined uncertainty on the single particle efficiency in 
Au+Au and p + p. 



effect of SR enhancement and HR suppression can result 
in away-side yields that are almost independent of cen- 
trality, while their shapes still vary with centrality. Thus 
a detailed survey of the jet yield in a broad pt and more 
differential study in for the away-side is important to 
obtain the full picture. 
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FIG. 15: (Color online) The per-trigger yield versus A^part in 
the HR (left panels) and the SR (right panels) for partner 
PTin 0.4-1, 1-2, 2-3, 3-4, 4-5 GeV/c and fixed trigger in 3-4 
GeV/c. The left most points are from p + p collisions. The 
shaded bars (brackets) represent uncertainties due to elliptic 
flow (ZYAM procedure). 



C. Medium Modification of Near-side Jets 

In this section, we map out the px and centrality de- 
pendence of the shape and yields of the near-side jets. 



1. Near-side jet shape 

We characterize the near-side shape in A(j) by the 
Gaussian fit functions FITl and FIT2 described in Sec- 
tion llVBTl The systematic uncertainties include the dif- 
ferences between FITl and FIT2 and the uncertainties 
associated with the elliptic flow subtraction. To account 
for a possible influence from feed-in of the shoulder com- 
ponent, we also performed fits to the near-side distribu- 
tion with a single Gaussian function in ±1<t, ±2(t and ±3 
a windows, where a is the width of the near-side peak 
obtained with FIT2. Deviations from a were added in 
quadrature to the total systematic errors. For p + p, a 
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simple fit with a near- and an away-side Gaussian plus a 
constant background was used. 

Figure [TBI compares the near-side Gaussian widths ob- 
tained for p + p and 0-20% central Au-fAu collisions. 
The results are shown as a function of partner px for 
four trigger bins as indicated. The p + p widths show 
the expected decrease with partner px for all trigger bins, 
as expected from a narrowing of the jet cone as p^ in- 
creases. The Au-|-Au widths also decrease with partner 
Pt except at low p^^. For low-px triggers of 2 < p^ < 3 
and 3 < Px < 4 GeV/c, the values for the widths are 
slightly below those for p -I- p for p^ < 1 GeV/c; they 
are, however, significantly broader for 1 ^ Px ^ 4GeV/c. 
For higher trigger px , the extracted widths are similar 
for Au+Au and p -t- p. 
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FIG. 16: Near-side Gaussian widths versus partner pt for four 
trigger pt ranges compared between 0-20 % Au4-Au (solid 
circles) and p + p (open circles). 



0.4 
0.2 


0.4 
0.2 


0.4 



T3 

I 0.2 
(0 
V 

Z 





0.4 



0.2 


0.4 
0.2 





o o o o 



-e° o 



o o o 



2-3 ® 0.4-1 GeV/c 



2-3 ® 2-3 GeV/c 



3-4 ® 3-4 GeV/c 



4-5 ® 4-5 GeV/c 



-o " o o o 

H • • • • 1 ^- 



5-10® 5-10 GeV/c 



100 



200 



300 



N, 



part 



400 



FIG. 17: (Color online) Near-side Gaussian widths versus 
A'^part for five successively increasing Px ® Pt • The most left 
point in each panel represents the value from p + p. 



2. Near-side jet per-trigger yield 



Figure [T7| shows the centrality dependence of the near- 
side widths for successively higher p^(g)p!j,. For the lowest 
pxbin of 2 — 3 (g) 0.4 — 1 GeV/c, the width decreases 
slightly with A^part Sind approaches a value of 0.4 radian 
in central collisions. A similar trend has been reported 
for measurements at low px [16]. For the 2 — 3 ® 2 — 3 
GeV/c selection, the near-side width grows with A'pait, 
and approaches a value about 40% larger than the p -I- p 
value for A^part > 200. For higher p^ ® p!j- bins, the near- 
side widths are narrower and their centrality dependence 
is flatter. For the 5 — 10 (8) 5 — 10 GeV/c bin, the near- 
side widths (~ 0.14 radian) are essentially independent of 
A'part J a-s might be expected if the near-side correlations 
are dominated by jet fragmentation. 



The near-side yield in \A(f>\ < tt/3 (NR) as a function of 
partner px , is shown in Fig. [TH]for p-l-p and Au+Au colli- 
sions, for four trigger px bins. The corresponding results 
for the modification factor, Iaa, are shown in Fig. [121 
For triggers of 2-3 GeV/c, Iaa is enhanced by more than 
a factor of two for p^ < 2 GeV/c, followed by a fall-off 
below unity for Px ?J 4 GeV/c. The overall deviation 
from Iaa = 1 decreases with increasing trigger px . For 
the highest px trigger, the near-side yield is close to that 
for p -l- p over the full range of p!^. As a comparison, 
the Iaa values for the 60-92% centrality bin, shown in 
Fig. [201 are close to 1 for all Px"^, suggesting a rather 
weak medium modification of the near-side yield in pe- 
ripheral collisions. 
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FIG. 19: Near-side 7aa in 0-20% Au+Au versus partner pt for 
four trigger pT bins. The shaded bars around the data points 
are the total systematic errors. Grey bands around Jaa = 1 
represent 12% combined uncertainty on the single particle 
efficiency in Au-(-Au and p + p. 



The patterns of the near-side jet shape and yields in 
Figs ll6lEni suggest an influence from both medium mod- 
ification and jet fragmentation at intermediate pt . The 
influence of the medium has also been linked to a long 
range correlation component in Arj (T^ [TtI [20j . This so 
called 77 "ridge" has been shown to be flat up to | Aryj ~ 2. 
The PHENIX A-q acceptance is limited to \At]\ < 0.7. 
However, if contributions from the ridge are significant, 
they should show up in Arj distributions. 

Figurel^Tk shows a two-dimensional Arj-Acj) correlation 
function for 2 - 3 (g) 2 - 3 GeV/c in 0-20% central Au+Au 
collisions. The A77 range is displayed for \Ar]\ < 0.5 
to suppress the relatively large statistical fiuctuations at 
the edge of Arj acceptance. The correlation function in 
Fig. \7Th , peaks along A(/) ^ and tt, largely because of 
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FIG. 20: Near-side Jaa in 60-92% Au-f Au versus partner 
Pt for four trigger pt bins. The shaded bars around the data 
points are the total systematic errors. Grey bands around 
Jaa ~ 1 represent 12% combined uncertainty on the single 
particle efficiency in Au-|-Au and p + p. 



the elliptic flow modulation of the combinatoric pairs. 
To subtract the flow term, we assume that ^ and V2 are 
identical to those used in our 1-D correlation analysis, 
and are constant for I77I < 0.35. The distribution after V2 
subtraction is shown in Fig. 121b. One can clearly see one 
near-side and two shoulder peaks (in Acj)), which extend 
over the full range of At^. However both p-l-p and periph- 
eral Au-|-Au collisions for the same pt selections (Fig l^^ 
show one near-side peak centered around Arj ~ and 
one away-side peak elongated over Arj. These features 
are expected for fragmentation of back-to-back dijets in 
vacuum. 

2-3 ®2-3 GeV/c 
0-20% Au+Au 

0.08f 




FIG. 21: (Color online) Correlation function (left panel, 
Eq. |8]) and background subtracted hadron-pair ratio (right 
panel, Eq. 113(1 in Arj and A(/) space for 2 — 3 ® 2 — 3 GeV/c 
in 0-20 % Au-I-Au colfisions. 



To facilitate further detailed investigation, we focus on 
a near-side region defined by \A(j>\ < 0.7 and |A7y| < 0.7 
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FIG. 22: (Color online) Background subtracted hadron-pair 
ratio (via Eq. [TS]) for 2 - 3 (g) 2 - 3 GeV/c in 60-92 % Au+Au 
(left panel) and p+p (right panel) collisions. 



cations are limited to < 4 GeV/c, a similar range 
in which the away-side is also strongly modified. 
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and study the projected distributions in A0 and A?/. Fig- 
ure [23] compares the the At; distributions for p + p and 
0-20% central Au-|-Au colhsions. The p + p data indicate 
a relatively narrow jet-like peak for all four p^ selections. 
For the 2 — 3 (g) 2 — 3 GeV/c bin, the Au-|-Au data are en- 
hanced and broadened relative to p + p. However, these 
differences gradually decrease toward higher p^ and es- 
sentially disappear for the 5 — 10 (g) 5 — 10 GeV/c bin. 
This possibly suggests that the ridge component at high 
Pt either disappears or becomes overwhelmed by the jet 
fragmentation component [7l| . 
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FIG. 23: (Color online) Per-trigger yield versus A77 for p + p 
(open symbols) and 0-20% central Au-|-Au (filled symbols) 
collisions. Results are shown for four p^ p^ selections as 
indicated. 

Figure [24] show the comparison of the projected distri- 
butions in A77 and Acj) for 0-20% central Au-|-Au colli- 
sions. By construction, the integrals of the two distribu- 
tions are the same. For the 2 — 3 (8) 2 — 3 and 2 — 3 (g) 3 — 4 
GeV/c bins, the distributions in Arj are broader than in 
A^. For the 3 - 4 (g) 3 - 5 and 5 - 10 (g) 5 - 10 GeV/c 
bins, the distributions become similar between A0 and 
A77. These observations suggest that the medium modifi- 



FIG. 24: (Color online) The projection of 2-D per-trigger 
yield in IA77I < 0.7® \ A<j}\ < 0.7 and 0-20% central Au-|-Au 
collisions onto A(j!> (open symbols) and A77 (filled symbols) for 
four ® selections. 

The evolution of the enhancement and broadening with 
the p^^ reflects the competition between contributions 
from the medium response and jet fragmentation. The 
former is important at p^^ < 4 GeV/c and manifests 
itself as an enhanced and broadened distribution in A77 
and A(j). The latter dominates at higher pT , reflected 
by Iaa ~ 1 and a near-side width similar to p -I- p. The 
strong modifications at intermediate pt may reflect the 
remnants of those jets that interact with the medium, 
appearing as low px hadron pairs with modified width 
and multiplicity. Possible physics mechanisms for this 
parton-medium interaction inclu de j et interaction with 
a longitudinal flowing medium [22l [23l . ,27], position- 
momentum correlations induced by radial flow [2li | , corre- 
lation between radial flow boosted beam jet and medium 
suppressed transverse jet [1^, plasma instability 24, 2j|, 
or back-splash caused by the quenched jets [2^. How- 
ever, the modification mechanisms for the near- and 
away-side may be related: both near- and away-side 
distributions show enhancement and broadening in the 
lower range px < 4 GeV/c, above which the jet charac- 
teristics qualitatively approach the jet fragmentation. 

D. Away- and Near-side Spectral Slopes 

To further explore the differences between the NR, HR 
and SR, we compare the shapes of the partner px spectra 
in these three A(j) regions. To do this, we characterize the 
local inverse slope of the spectra via a truncated mean 
Px in a given px range, 

(p;)EE(p^)p_<p.<p_-pr". (26) 

where (p^) is calculated from the jet yields shown in 
Fig. [T^] and Fig. [TH] For an exponential spectrum with 
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an inverse slope of T and T < p^^"" - p™'", (p^) « T. 

First, we focus on an intermediate px region, 
5 GeV/c, where the medium-induced contributions are 
important for the near- and away-side yields. Figure [^S] 
shows values of (p^ ) for the HR, SR and NR as a function 
of -/Vpart- For all trigger pxbins, the values for the NR 
drop slightly with centrality to a lower level relative to 
p + p. This can be understood from the shape difference 
in Fig. [191 where the Au+Au spectra drop faster with 
increasing p^. For 3 < p^|. < 4 GeV/c, a factor of two 
decrease in 1 - 5 GeV/c amounts to a reduction of ~ 0.1 
GeV/c in (p^). 

Despite the small decrease with iVpart, the overall av- 
erage level of (p'^) for the NR for A'part > 100 in- 
creases with trigger px . They are 0.533 -I- 0.024 — 0.016, 
0.605 -I- 0.033 - 0.023, 0.698 -I- 0.03 - 0.04 GeV/c and 

0. 797 + 0.052 - 0.042 GeV/c for triggers in 2-3, 3-4, 4- 
5 and 5-10 GeV/c, respectively. This trend is consistent 
with the dominance of jet fragmentation on the near-side, 

1. e. a harder spectrum for partner hadrons is expected 
for higher px trigger hadrons. 

Values for the SR also show an almost flat centrality 
dependence for A^part ^ 100. In this case, the values for 
(p^) are lower (« 0.45 GeV/c, see Table. IVT) and they do 
not depend on the trigger px . They are, however, larger 
than the values obtained for inclusive charged hadrons 
(0.36 GeV/c as indicated by the solid hues) 0. The 
relatively sharp change in (p^) for A^part ^ 100 may re- 
flect the dominance of jet fragmentation contribution in 
peripheral collisions. 

The values of (p^ ) for the HR show a gradual decrease 
with A^part- They start at a level close to the values 
for the near-side, and gradually decrease with increasing 
A'part , consistent with a softening of the partner spectrum 
in central collisions. For 2-3 and 3-4 GeV/c trigger bins, 
the values of (p^) for A'part ^ 150 approach those for in- 
clusive spectra. For higher trigger px bins, the drop with 
A'part is less dramatic, possibly due to punch-through jet 
fragmentation contribution at high px . 

To further investigate the onset of the jet fragmen- 
tation in the HR, we study the dependence of (p^) on 
partner momentum. Figure [21] shows the centrality de- 
pendence of (p^) calculated in various ranges of Px for 
triggers in 3-4 GeV/c (left panels) and 4-5 GeV/c (right 
panels). These results are compared with values for in- 
clusive hadron spectra calculated in the same Px ranges. 
For 1 < pJ^ < 7 GeV/c bin, (p^) decreases with A^part- 
As the p!j. range shifts upward, the centrality dependence 
becomes flatter, (p^) for 3 < Px < 7 GeV/c is essentially 
constant with A'part • The flattening of the spectral slope 
with A^part starts at a lower p^ for 4 < p^ < 5 GeV/c 
than that for 3 < Px < 4 GeV/c. This implies (1) a sim- 
ilar spectra shape for Au-t-Au and p + p at high p^^ , and 
(2) the jet fragmentation contribution dominates the HR 
yield at large Px^. 

The different patterns observed for the yields in the 
HR and SR suggest a different origin for these yields. 
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FIG. 25: (Color online) Truncated mean px , {pt)i in 1 < 
< 5 GeV/c versus Apart for the near-side (diamonds), 
away-side shoulder (squares) and head (circles) regions for 
Au+Au (filled) and p+p (open) for four trigger px bins. Solid 
lines represent values for inclusive charged hadrons (~ 0.36 
GeV/c) [^. Error bars represent the statistical errors. Shaded 
bars represent the sum of Apart-correlated elliptic flow and 
ZYAM error. 



TABLE V: Truncated mean px , (pfp), calculated for 1 < px < 
5 GeV/c and averaged for Apart > 100 in the NR and SR for 
various bins of trigger px ■ 

p?r range (GeV/e) NR jp'^) (GeV/e) SR jp'^) (GeV/e) 



2- 3 

3- 4 

4- 5 

5- 10 



0.533 + 0.024 
0.605 + 0.033 
0.698 + 0.030 
0.797 + 0.052 



0.016 0.445 0.013 - 0.007 
-0.023 0.443 0.018 -0.018 

0.040 0.461 + 0.031 - 0.051 
-0.042 0.478 + 0.079 - 0.139 



The suppression of the HR yield and the softening of 
its spectrum are consistent with jet quenching. The ob- 
served HR yield could be comprised of contributions from 
"punch-through" jets, radiated gluons and feed-in from 
the SR. By contrast, the enhancement of the SR yield 
for p^^ < 4 GeV/c suggests a remnant of the lost en- 
ergy from quenched jets. The very weak dependence on 
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FIG. 26: (Color online) Truncated mean pT , {pt)i calculated 
for five partner px ranges (from top to bottom) in the IfR. 
The left panels (right panels) shows the results for triggers in 
3 — 4 (4 — 5) GeV/c. Solid lines represent values for inclusive 
charged hadrons. Error bars represent the statistical errors. 
Shaded bars represent the sum of A^part-correlated elliptic flow 
and ZYAM error. 



Pt and centrality (for A'pait ^ 100) for its peak loca- 
tion and mean px niay reflect an intrinsic response of the 
medium to the lost energy. These observations are chal- 
lenging for simple deflected jet scenarios [H, [29[, since 
both the deflection angle and jet spectral slope would 
depend on or p}^. On the other hand, they are con- 
sistent with expectations for Mach-shock in a near-ideal 
hydrodynamical medium [ssl . [t^ , and thus they can be 
used to constrain the medium transport properties such 
as speed of sound and viscosity to entropy ratio within 
these models. 



E. Medium Modification of Hadron Pair Yield 

In p + p collisions at 200 GeV, it is generally believed 
that hadrons for pt > 2 GeV/c are dominated by jet 
fragmentation [73|. By contrast, particle production in 
heavy-ion collisions is complicated by final-state medium 
effects. Due to strong jet quenching, jet fragmentation 
contribution only dominates for px > 5 — 7 GeV/c [7l.[Tl|. 
The bulk of hadrons, i.e. those at px < 4 GeV/c, are 
dominated by soft processes such as the hydrodynamic 
flow of locally thermalized partonic medium [s^. III, [zE] 
which subsequently hadronize via coalescence of con- 
stituent quarks Hi, m, [13, El. The px of 4 < px < 7 
GeV/c is a transition region where both soft and hard 
processes contribute. 

Dihadron correlations provide new tools for separating 
the hard and soft contributions at low and intermediate 
Px , albeit for hadron pair production instead of single 
hadron production. If jets are quenched by the medium 
and their energy is transported to lower px , a signifl- 
cant fraction of the low and intermediate px hadron pairs 
may retain some correlation with the original jet [i^ . 
Consequently, they can contribute to a dihadron correla- 
tion analysis. However such pairs can also be influenced 
by soft processes which dominate the inclusive hadron 
production in the same px region. For instance, they 
may coup le with hydrodynamical flow at the partonic 
stage [231 or reflect the effects of the coalescence between 
shower parton and thermal partons during hadroniza- 
tion [!§]. 

Thus far, we have quantified the jet modifications via 
per-trigger yields. While sensitive to modifications of 
jet-induced pairs, these yields are also sensitive to modi- 
fications in the number of triggers. For high-px triggers, 
however, the per-trigger yield is roughly equal to per-jet 
yield, because most jets fragment into at most one trig- 
ger hadron due to the steeply falling jet spectra For 
intermediate and low-px triggers, a large fraction of trig- 
gers may come from soft processes, and hence "dilute" 
the per-trigger yield. 

To illustrate this dilution effect, we focus on the near- 
side jet-induced pairs in which the first hadron is fixed 
in the 5-10 GeV/c px range, and the second hadron is 
varied in pxfrom 0.4 to 7 GeV/c. We note here that 
the requirement of a high-px hadron ensures that most of 
the near-side pairs come from fragmentation of partons. 
Figure 127b shows the per-trigger yield modification fac- 
tor Iaa when hadrons in the 5-10 GeV/c px range are 
designated triggers; Fig. \T7b shows the corresponding 
Iaa when the lower-px hadrons are designated as trig- 
gers, which is calculated according to Eq. [T] 

Figure \Tlh . shows that Iaa is near unity for all pS^ for 
the 5-10 GeV/c hadron triggers. This is consistent with 
each high-px trigger coming from one jet. On the other 
hand, when low-px hadrons are used as triggers. Fig. 127b 
shows that Iaa has a non-trivial dependence on p^. That 
is, there is a strong suppression of Iaa in the 2-4 GeV/c 
Px range, which reflects an excess of trigger hadrons at 
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FIG. 27: (Color online) a) Jaa versus partner pxwhen 5-10 
GeV/c hadrons are designated triggers, b) 7aa versus trigger 
pxwhen 5-10 GeV/c hadrons are used as partners. 



low pT with weaker jet correlation strength. This dilu- 
tion effect is also reflected in the near-side Iaa values 
in Fig. [19] and for the away-side Jaa values in Fig. [T3l 
(also reflected in Figl3S] for low and high p!^). The 
former shows a suppression at large p\ for soft triggers 
(2 < < 3 and 3 < p^ < 4 GeV/c). The latter shows a 
stronger suppression for low-px triggers (2 < p^ < 3 and 
3 < p^ < 4: GeV/c) than for high-px triggers (4 < < 5 
and 5 < p^ < 10 GeV/c). This dilution effect might 
be the result of the following two scenarios: 1) a large 
fraction of low-px hadrons are from soft processes such 
as coalescence of flow-boosted thermal quarks related 
to the anomalous proton/pion ratio 0, EH, or 2) jets 
are quenched and these hadrons are the remnants of the 
quenched jets, and thus lack associated hadrons at high 
PT . 

To gain more insights on intermediate-px correlations, 
we focus on the pair suppression factor Jaa defined in 
Eq. [31 We recall here that Jaa quantifies the modifica- 
tion of jet-induced pairs in Au-fAu relative to that in 
p + p normalized by A^coii ■ It is symmetric with respect 
to the interchange of and p^ and equals one in the ab- 
sence of medium effects. Figure [28] shows the near-side 
Jaa as function of p^ for 0-20% central Au-f Au collisions 
and for four different p^ bins. Values of Jaa are above 
one for p^^ < 2 GeV/c. However, they decrease with 
increasing p^^ and drop below one. For high p^^ , Jaa 
reaches a constant value ~ 0.2 — 0.3, which is similar to 
the high-px single particle suppression factor Raa- 

To interpret these observations, we note that each high 
Pt pair at the near-side comes from the same jet. Thus 
Jaa reflects the modification of single jets, which at high 
Pt should be the same as leading hadron -Raa- Since the 
values of Raa is constant at high pT , we expect high- 
Pt Jaa to be constant and equal to i?AA- 

Furthermore, if each high-px near-side pair comes from 
the same jet, then the sum of their transverse momen- 
tum, = p^ + p^^ should serve as a better proxy for 
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FIG. 28: (Color online) The near-side pair suppression factor 
Jaa in 0-20% Au-|-Au collisions as function of for various 
ranges of px- The dashed line indicate the charged hadron 
Raa- The grey band around one is the systematic error due 
to the 20% combined single particle efficiency of the triggers 
and partners in Au+Au and p + p. The dark line around one 
indicate the uncertainty on the Acoii. 



the original jet energy. With this in mind, we re-plot 
in Fig. [29] the near-side Jaa values as a function of this 
"pair proxy energy" p^™. Interestingly, the pair modi- 
fication factors roughly follow a single curve in p^™. It 
is above 1 below 5 GeV/c, followed by a decrease with 
p^"™, and reaches a constant for p^"™ > 8 GeV/c. The 
approximate scaling behavior breaks when the px of one 
hadron is < 2 GeV/c, where Jaa is systematically below 
the overall trend. 
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FIG. 29: (Color online) Near-side pair suppression factor Jaa 
as function of pair transverse momentum, Pt"™ = Pt + Pt 
in 0-20% Au+Au collisions. The grey band around one is 
the systematic error due to the 20% combined single particle 
efficiency of the triggers and partners in Au-|-Au and p -I- 
p. The dark line around one indicate the uncertainty on the 
A,oii. 
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The fact that Jaa > 1 for p^"™ < 5 GeV/c imphes that 
the total jet-induced pair yield is enhanced relative to the 
-/Vcoii scaled p+p collisions. This enhancement may reflect 
the energy of the quenched jets being transported to low 
Pt ■ Jaa is almost a factor of 6-7 larger than its high p™™ 
limit. By contrast, the enhancement shown for Iaa hi 
Fig- ESis only a factor of 2.5 at low p^^. This difference 
can be attributed to the dilution effect on the triggers. 
For completeness, Fig. [30l shows the values of Jaa versus 
p}^ (left panels) and p™"^ (right panels) for 20-40%, 40- 
60% and 60-92% centrality bins. Jaa versus p^™ shows 
an approximate scaling behavior for all centralities i.e, 
Jaa for large p™™ approaches a constant level roughly 
equal to that for the high-pT J^aa values. 
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FIG. 30: (Color online) The near-side Jaa as function of 
(left panels) and Pt"'" (right panels) for four pjj. bins and three 
centrality bins. From top to bottom are 20-40%, 40-60% and 
60-92 %. The dashed lines in the left panels indicate the 
charged hadron 7?aa. The grey bands around one is the sys- 
tematic error due to the 17% combined single particle effi- 
ciency of the triggers and partners in Au+Au and p + p. The 
dark line around one indicate the uncertainty on the iVcoii. 

In Fig. [ni] we show the Jaa for the away-side HR as a 
function of p^ in various centrality bins. In central col- 
lisions, a possible enhancement at low and a strong 
suppression at large p^^ can be seen. This is consis- 
tent with the feedback of lost energy to lower on the 
away-side. The modifications decrease for peripheral col- 
lisions, as expected for a weaker medium effect. However, 
the suppression level seems to approach a constant value 



TABLE VI: The average ratio Jaa/Raa for the away-side HR 

for 4 < pf;, < 7 GeV/c (see Fig. EI}. 

Centrality Jaa/Raa for HR (±Stat+Sys-Sys) 
0-20% 0.81 ± 0.07 + 0.44 - 0.41 

20-40% 0.89 ± 0.05 + 0.37 - 0.35 

40-60% 0.80 ± 0.03 + 0.26 - 0.23 

60-92% 0.90 ± 0.03 + 0.25 - 0.23 



for high p^ for all centralities. This is expected since 
Iaa ~ J^AA at high pT for the away-side HR. This implies 
that Jaa = Jaa-Raa 

at high Pt , as indicated by the dashed line 



i?AA when one of the hadrons is 



1.5 




a. 

— 



-2.0<p^<3.0 GeV/c 
- 3.0<p^<4.0 GeV/c 



I o M Away-side 

□ ,a.a. I ri-v"* 



HR 




- 4.0<p'' <5.0 GeV/c 

- 5.0<p''<10.0 GeV/c 



20-40 % 



2 4 6 

(GeV/c) 



) 2 4 6 

(GeV/c) 



FIG. 31: (Color online) The pair suppression factor Jaa for 
the away-side HR in Au-|-Au collisions as function of p^ for 
various ranges of p^ . The dashed line indicate square of the 
charged hadron -Raa. The grey bands around one is the sys- 
tematic error due to the combined single particle efficiency of 
the two particles in Au-|-Au and p + P- The dark line around 
one indicate the uncertainty on the A^coii. 



To quantify this high-pT scaling behavior, we calculate 
the ratio for away-side head region for 4 < < 7 

-"-AA 

GeV/c and various p^ selections. The values for the four 
centrality ranges used in Fig |31l are summarized in Ta- 
ble lVIl Although the uncertainties are quite substantial, 
the HR Jaa approximately equals -RaA' suggesting a sim- 
ilar suppression factor for inclusive hadrons and away- 
side jet at high px ■ This, as pointed out in Ref. [76l.Frn|. 
could be a canceling effect between a stronger energy loss 
which increase the suppression, and a harder away-side 
hadron spectra associated with high-px triggers which de- 
crease the suppression. 
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V. DISCUSSION 

A. Insights from Identified Particle and Energy 
Dependent Correlations 

To elucidate the underlying physics of the medium- 
induced component, we focus on intermediate pT where 
the SR dominates, and study the particle composition of 
the yield in the SR. PHENIX has published results on 
correlations of a trigger hadron, at intermediate trans- 
verse momentum (2.5 < < 4 GeV/c), with identified 
partner mesons or baryons at lower • The away- 

side shape was found to be similar for partner baryons 
and mesons; namely, the pairs peak at Acj) ~ 7r± 1.1 with 
a local minimum at A0 ~ n. The particle composition 
in the away-side jet, as reflected by the baryon to me- 
son ratio, was also found to grow with increasing partner 
Pt . The trend is similar to that observed for inclusive 
hadron production. These observations for intermediate 
Pt correlations are consistent with strong parton-medium 
interactions which induce correlations between soft par- 
tons, followed by coalescence at hadronization. 

Further insight into the physics underlying the SR 
yield can be obtained by studying its energy dependence. 
In particular, it is interesting to see whether the two- 
component picture applies at much lower collision energy. 
Figure [32] compares the per-trigger yield at -^/snn = 200 
and 62.4 GeV for 1 < < 2.5 < p| < 4 GeV/c. They 
are the yields associated with the jet functions previously 
published in [T9| . The away-side shapes are strongly non- 
Gaussian in both cases. The 62.4 GeV data seems to be 
somewhat flatter, however, its relatively large statistical 
uncertainties do not allow a definite statement. 
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FIG. 32; (Color online) Per-trigger yield in 0-10% central 
Au+Au collisions from PHENIX at (a) ^/s^ = 200 GeV and 
(b) y^SNN = 62.4 GeV. The histograms show the combined 
uncertainty of the elliptic flow and ZYAM errors. 



at yiiS" = 17.2 GeV at the SPS, for 0.1 < < 0.7 in 
the center of mass (CM) frame. The equivalent pseudo- 
rapidity window of 0.6 is close to the value of 0.7 for 
PHENIX. Thus, the jet yields from both experiments can 
be compared after applying the correction of 0.7/0.6 = 
1.17. In contrast to the PHENIX results, the CERES 
data show an essentially flat away-side jet shape. The 
maximum of SR is about half that of the PHENIX value, 
whereas the yield at the HR is close to the PHENIX 
value. The former might suggest a weaker medium ef- 
fect at lower energy; the latter could be a combination 
of a lower jet multiplicity and a weaker jet quenching at 
SPS energy. However, it is conceivable that other nuclear 
effects, especially Cronin effect [t^, may also broaden 
the away-side jet shape. Further detailed study of the 
collision energy dependence of the HR and the SR com- 
ponents might elucidate the onset of jet quenching and 
medium response. 



B. Comparison with models 

If jets are generated close to the surface, they exit and 
subsequently fragment outside the medium. Otherwise, 
they lose energy by radiating gluons. These shower glu- 
ons may be emitted at large angles relative to the original 
partons [3l|, [s^ and fragment into hadrons, or they can 
be deflected to large angles by interactions with medium. 
Examples of the latter include medium deflection in the 
azimuthal [2^, [2^ and the beam directions [1^ or exci- 
tation of collective Mach shock [H, [3^ ; 

Several calculations for radiative energy loss have been 
carried out [H, [U, [T^I to describe dihadron production 
at high Pt • They all describe the data fairly well. As an 
example. Fig. [33] shows a comparison of data for the 4- 
5 and 5-10 GeV/c triggers with recent calculations from 
Ref. [ll]. For p| > 2 GeV/c, the calculated Iaa is ap- 
proximately constant and agrees well with the data. Ac- 
cording to this calculation, both tangential and punch- 
through jet emission are important, accounting for 3/4 
and 1/4 of the away-side high-px pairs, respectively. 
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FIG. 33: (Color online) Comparison of Iaa with energy loss 
calculation from Ref. !771. 



The CERES collaboration has recently released their 
high-statistics preliminary results of per-trigger yields in 
0-5% and 5-10% Pb-hAu coUisions for 1 < < 2.5 < 
Px < 4 GeV/c [zll. This measurement was carried out 



To extend the calculation to the low and intermedi- 
ate Pt , contributions from radiated gluons have to be 
taken into account. Early energy loss model calculations 
suggested that these radiated gluons are almost collinear 
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with the jet axis [80|. However, recent calculations [3l| 
favor large angle gluon emission due to destructive inter- 
ference that suppresses collinear emission. By including 
gluon feedback, the calculation can reproduce away-side 
per-trigger yields at low partner , but the gluon emis- 
sion angle is too small to reproduce the away-side jet 
shape. 

In an improved calculation that includes the Sudakov 
form factors [13], the authors can qualitatively describe 
the away-side jet shape and its centrality dependence at 
intermediate pt , when the leading parton is assumed to 
split into two semi-hard gluons which then fragment into 
hadrons. This model assumes a transport coefficient of 
g '--^ 5 — 10 GeV^/fm. A smaller q, for instance, would 
substantially reduce the predicted split angle. 

The away-side broadening may also arise from 
Cherenkov gluon radiation [34|. It could occur when 
the gluon is scattered by colored bound states in such a 
way that the permittivity for in-medium gluons becomes 
space-like. A first calculation that includes only scalar 
bound states suggests that the peak angle D should grad- 
ually decrease to zero with increasing momentum; this 
trend seems to be ruled out by the present data. More 
sophisticated calculations including other bound states 
are needed in future studies. 

It was suggested that shower partons could couple with 
the longitudinal and transverse flow, and are broadened 
or deflected in A77 [HI, M, HI, [13 and/or A(/> [H [^ 
directions. The longitudinal deflection was argued to be 
responsible for the A77 ridge structure at the near-side. 
The transverse deflection can lead to broadening in A^. 
It was argued in (29| that a random multiple scattering 
of the leading parton, combined with energy loss, can 
result in the double peaked structure of the away-side. 
However, in general, the deflection angle decreases with 
the hadron momentum. This is not compatible with the 
observation of pt -independent D values and universal 
spectral slopes of the SR. 

Finally, it has been proposed that the lost energy can 
be absorbed by the medium and converted into collec- 
tive Mach shock [H, [11]. In this picture, the fluid ele- 
ments are boosted along the Mach angle [t^] and then 
hadronize via coalescence. The Mach angle depends only 
on the sound speed of the medium thus is independent 
of Pt and consistent with the data. The boost effect also 
produces a harder slope for the partners, qualitatively 
consistent with experimental observations. Our results 
on the PID dependence of the correlation pattern [i^ 
are consistent with the above picture. The propagation 
of the shock wave requires hydrodynamical behavior of 
the medium with small viscosity. If the Mach-shock is 
the underlying physics, the observation can be used to 
constrain the value oi rj/s. 

Many of the models discussed in this section are quite 
qualitative in nature. These models typically focus on 
either jet shape or jet yield, near-side or away-side, high 
Pt or low pT ■ The fact that both near- and away-side 
distributions are enhanced and broadened at low pT and 



that the modifications limited to pt ^ 4 GeV/c, above 
which the jet characteristics qualitatively approach jet 
fragmentation, may suggest that the modification mech- 
anisms for the near- and away-side are related. A model 
framework including both jet quenching and medium re- 
sponse, which can describe the full pT evolution of the jet 
shape and yield at both near- and away-side is required 
to understand the parton-medium interactions. Our data 
provide valuable guidance for such future model develop- 
ments. 



VI. SUMMARY AND CONCLUSIONS 

We have analysed dihadron azimuthal correlations for 
0.4 < Pt < 10 GeV/c unidentified charged hadrons in 
Au-f Au colhsions at ^/suN — 200 GcV. The results are 
presented as functions of trigger px , partner pT and cen- 
trality, and are compared with correlations of identified 
hadrons as well as results from lower energies. The evo- 
lution of the jet shape and yield with pT seems to suggest 
four distinct contributions to jet-induced pairs: 1) a jet 
fragmentation component around Acf) ~ 0, 2) a punch- 
through jet fragmentation component around A(f> tt, 
3) a medium-induced component around Acf) 0, and 4) 
a medium-induced components around A(j) ~ tt ± 1.1. 

The jet fragmentation components arise from jets that 
suffer small energy loss due to the surface or punch- 
through jet emissions. They dominate the near- and 
away-side pairs at large pt ■ The near-side pair suppres- 
sion factor Jaa follows an approximate scaling with the 
pair proxy energy p^™. It reaches a constant for p^™ > 8 
GeV/c, at a level similar to the suppression for single jets 
at high Pt ■ In this px region, the yield of both the sin- 
gle jets (near-side pairs) and back-to-back jets (away-side 
pairs) are consistent with energy loss calculations. 

By contrast, the enhancement of medium- induced 
components may reflect a remnant of the lost energy from 
quenched jets. This enhancement is limited to prp' < 4 
GeV/c. The near-side medium-induced component is re- 
sponsible for broadening in A(j) and significant elongation 
in A?/, and is related to the ridge structure in 16, 17, 2Ci]. 
The away-side medium-induced component exhibits px - 
and centrality-independent shape and mean px , and a 
bulk- medium like particle composition (43j . possibly re- 
flecting an intrinsic property of the medium response to 
energetic jets. 

We have also investigated the contribution of medium- 
induced components to single particle production at in- 
termediate Px , where soft processes such as hydrody- 
namical flow and coalescence are important. The yields 
of jet-induced hadron pairs (via Jaa) are not suppressed 
at low pair proxy energy p^™ = p^ -I- pJ^. However, pair 
yields divided by the yield of soft triggers show an ap- 
parent dilution effect at large partner px . This suggests 
that these soft hadrons either come from soft processes 
such as from coalescence of thermal partons, or they are 
the remnant of quenched jets, and thus lack high-pxjet 
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partners. 



of type a and type b particles. They are 
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for the true azimuthal distributions for ab pairs and a, 
b singles produced for PHENIX pseudo-rapidity accep- 
tance and for events in one centrality bin. We use su- 
perscript "0" to indicate the true distributions. The true 
distributions are for particles in PHENIX ry range, but 
with full azimuthal coverage. 

The PHENIX Beam-Beam Counter (BBC) and Zero- 
Degree Calorimeter (ZDC), which trigger on events 
and determine their centrality, are uniform in azimuth. 
Therefore the true singles distributions arc uniform, and 
the true pair distribution depends only on the difference 
between the two angles: 
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To study the pair distribution as a function of A(/), we 



define the difference and average of 
orthogonal variables: 



and 



A0 = 0'^ - 0^ 



r + 0'')/2 



(A3) 



We integrate the true pairs over $ to obtain the projec- 
tion onto A(/). This is equivalent to binning the data in 
A0. 



dN^^ 
d{A<j>) 



j2 ivrab r 

dl> = / /(A</)) d$ 
d(l)<^ dcj)'' J ^ ^' 

/(A0) /d$cx/(A0) (A4) 



The measured distributions (without superscript) are 
related to the true distributions through the experi- 
mental acceptance/efficiency (here just "acceptance" for 
short): 
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APPENDIX A: DIHADRON CORRELATION 
METHOD 



This section demonstrates that the shape of the A0 
correlation function, constructed as the ratio of same- to 
mixed-event, reproduces the shape of the true-pair dis- 
tribution in A(/). We demonstrate this is generally true 
for a non-uniform experimental acceptance such as in 
PHENIX. Our argument is not original with our analysis, 
but has been used numerous times before in correlation 
analyses in heavy-ion experiments. 

We start by giving notation for the true distributions 
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where e"'', e°' and describe the experimental accep- 
tances for pairs and singles. The pair acceptance is, to 
a very good approximation, equal to the product of the 
singles acceptances: 



(A6) 



i.e. the experimental acceptance for A particles is not 
influenced by the presence or absence of B particles in 
any particular event, and vice versa (sil] . 
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The numerator of the correlation function is the mea- 
sured pair distribution projected onto At/) 



/(A0) / e'^''(0^(/.^)d$ (A7) 



Mixed-event pairs are constructed by combining a par- 
ticle at from one event with particles at cj)^ from other, 
unrelated events. The mixed-event pairs over (</)", (/)^) 
factorize and have the form 



(A8) 



The denominator of the correlation function is the pro- 
jection of the measured mixed-event pairs: 



mixed 



dN'' dN^ 



(A9) 



Writing the correlation function with Equations IA7I 
and IA9[ and applying Eq. IA6I and Eq. IA4I yields 



C(A0) 



(X 



7V"^"°(A(/)) 

jVmixod(-/^^) 

/(A0) Se''\rA')d^ 



cx /(A0)« 



d(A(/)) 



(AlO) 
(All) 



This shows that the shape of the true-pair distribution is 
recovered in the correlation function. 



APPENDIX B: THE ROLE OF REACTION 
PLANE 

No mention, explicit or implicit, was made of the re- 
action plane in the preceding proof; this is not surpris- 
ing, since its validity holds for any source of correlation, 
whether from flow, jets, or other. We show that Eg. lAllI 
holds for limited detector acceptance with the reaction 
plane included explicitly. 

For events with reaction plane direction ^ we define 
the conditional probabilities of finding an a or a 6 parti- 
cle, including the effects of acceptance: 



dN°- 



P 



bl±b 



-bijjb 



diet)" - 
dN^ 



(Bl) 



We can write the acceptances, and the true singles distri- 
butions with respect to into their Fourier expansions: 



P— + 00 



q=+oc 



e'^(<f)= a^e^P^ = ^ &,e'«^ (B2) 

p—~oo q— — oo 

where a_p = a*, 6_g = 5* and 



dN'' 



d{4>°- - ^i) 



dN'' 



^ n— +00 

27r ^ " 

n— — cxD 

. / +CX} > 

m— +00 



27r ^ ^ 



\ m=l / 



In the case that ab correlations are due to particle correla- 
tion with respect to the same reaction plane, as would be 
true of background pairs, then the measured same-event 
pair distribution can be written as 



J 27T 27T 

p—-\-oo n— +00 

= E E «P 6»^e'^^+")^* (B4) 



P— — 00 71— — OO 

Similarly, the measured mixed-event pair distribution is 



iV™™'^(A(/)) 



E "-pK' 



(B5) 



P— — OG 



Using these to construct the correlation function, we find 



C(A0) 



7l — -\-OC 



N 



mixed 



= E "n^n^ 



mA0 



(B6) 



n— — oo 



It is clear that the dependence upon the reaction plane 
angle is integrated out when forming the correlation 
function. It is also clear that the quadruple modula- 
tion strength of the correlation function i^f for back- 
ground pairs is exactly the product of the true modu- 
lation strengths of the true singles distributions t/f and 
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APPENDIX C: SIMULATION STUDY OF THE 
NON-FLOW EFFECT FROM JETS 

The elliptic flow of the triggers and partners, which 
are used to estimate the background contribution in the 
correlation function Eq. [151 a-re provided by the BBC 
reaction plane method. In this section, we show that 
the large rapidity separation of IA77I > 2.75 between 
PHENIX BBC and central arm greatly suppresses the 
bias due to jet and dijets to the reaction plane determi- 
nation. More details can be also be found in [82,] . 

The intra-jet correlation is typically limited by the size 
of the jet cone, which is much smaller than the Ary sep- 
aration between BBC and central arm. However, due to 
their broad distribution of parton x values, the away-side 
jet has a very broad distribution in At;. Hence the inter- 
jet correlations can potentially bias the BBC reaction 
plane determination. We study the biases by embedding 
back-to-back jet pairs into HIJING events. The HIJING 
events serve as the underlying Au+Au events, and were 
checked to reproduce the charged hadron multiplicity in 
r] from PHOBOS 83] . Elliptic flow is implemented by 
applying a track by track weight in each HIJING event: 

u'(b,pT, 77) = 1 -t- 2u2(b,pT, ??) cos2((/) — ^E*) 

where the ^ is the direction of the impact parameter 
b. The centrality and pr dependence of the V2 is tuned 
according to the PHENIX measurement 1841. The rj de- 
pendence of V2 is obtained from PHOBOS [59| minimum 
bias events. The V2 shape versus 77 is assumed to be in- 
dependent of centrality selections. This gives an overall 
b, pt and rj dependence by a single function, 



/ ndf 


38.9 / 98 


pO 


48.46 ± 0.70 


pi -0.005 


488 ±0.010101 



i' 1 ndf 


89.16/98 


pO 


48.56 ± 0.70 


P1 


0.1708 ±0.0099 



V2ipT,h,ri) = 0.02834 b e 



-0.5(r)/3.92) 



1 - 



2.1 



1 + e^-357pT 



We then generate back-to-back jet pairs from the 
PYTHIA event generator, requiring a leading particle 
above 6 GeV/c at mid-rapidity (jr;] < 0.35). Assum- 
ing the fractional momentum of the leading hadron is 
{z) « 0.7 [13], this corresponds to typical jet energy of 
6/{z) « 9 GeV/c. 

We evaluate the dijet bias by comparing the event 
plane before and after the embedding. Dijets tend to 
bias the event plane towards the dijet direction, result- 
ing in a false V2 for the jet particles. Figure [M] shows 
the relative azimuth distribution between the jet leading 
hadrons and the event plane (EP) from the HIJING event 
(left panels) or the combined event (right panels). The 
dijets clearly become correlated with the EP determined 
from the combined event, leading to a false V2 for the 
leading hadrons. However, since we embed one such di- 
jet pair for every event, the bias shown in Fig. 1341 should 
be interpreted as the bias for those events containing a 
high-pT dijet. Thus it sets an upper limit for the bias 
effect. 

In order to understand the impact of the false V2 , we 
have to determine their magnitudes in the same way as 




- 4* 

trig RP,hijing+dijet 



FIG. 34: The distribution of the leading particle from the 
dijets relative to the event plane calculated from HIJING only 
(left) and event plane from the embedded event (right). 



the real data analysis, i.e. according to: 

^2, raw ((COS2(0-$EP))) 



V2 



(C0S2($EP - ^RP)) 



We obtain the raw V2 for by fitting the embedded trigger 
distribution (such as Fig. [M)) for each individual central- 
ity bin. The raw V2 is then divided by the correspond- 
ing reaction plane resolution, which can be calculated as 
Cy^ = (cos2($EP - *RP))- 

The magnitude of the false V2 depends on the rapidity 
separation between the trigger and the sub-event used 
to determine the EP. Due to away-side jet swing, this 
bias could persist to large rapidity regions. Figure 1351 
shows the centrality dependence of false trigger V2 for 
events containing high-px dijets for various rapidity win- 
dows used for EP determination. The false V2 decreases 
as the sub-event used to determine the EP moves towards 
large 77. When the sub-event is in the BBC acceptance 
(3 < \rj\ < 4), the false V2 becomes negligible. 
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FIG. 35: The false reaction plane 112 of the leading hadron 
from the embedded dijet as function of centrality. The 77 range 
used to determine the event plane is indicated in each panel. 
The the embedded dijet is required to have a trigger hadron 
above 6 GeV/c with in mid-rapidity window of I?;] < 0.35. 
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APPENDIX D: COMPREHENSIVE DATA PLOTS 
AND DATA TABLES 

Figures [36ll38l show the comprehensive array of results, 
covering the momentum range of 0.4 to 10 GeV/c from 
which the representative subset shown in Fig. [6] were de- 
rived. These resuhs are described in Sections IIIII and 

llYl 

Tables to IXIXl show numerical values of the plotted 
data. The corresponding figures are indicated in the table 
captions. 



TABLE VII: D from FITl and FIT2 versus for three 
bins (Fig.fTTjl. 



(p!^) GeV/c 


DiStat+Sys-Sys 


D±Stat+Sys-Sys 




FITl 


FIT2 


2 < pi^ < 3 GeV/c 


0.6 


0.88±0.01+0.12-0.12 


1.09±0.01-l-0.03-0.05 


1.2 


0.94±0.01+0.09-0.10 


1.14±0.01-h0.04-0.04 


1.7 


1.00±0.01+0.08-0.09 


1.17±0.0H-0.03-0.03 


2.2 


1.04±0.01+0.07-0.08 


1.17±0.0H-0.03-0.03 


2.7 


1.10±0.02+0.06-0.07 


1.19±0.02+0.03-0.03 


3.3 


l.ll±0.05+0.05-0.05 


1.13±0.05-l-0.03-0.03 


4.4 


l.lliO. 17+0. 15-0. 12 


1.29±0.09-h0.02-0.03 


3<p?t< 4GeV/c 


0.6 


0.90±0.0H-0.11-0.11 


1.12±0.04-h0.03-0.03 


1.2 


1.01±0.01+0.08-0.09 


1.19±0.02+0.01-0.03 


1.7 


1.04±0.02+0.07-0.08 


1.15±0.03+0.03-0.03 


2.2 


1.10±0.04+0.05-0.05 


1.12±0.06+0.03-0.03 


2.7 


1.16±0.12+0.04-0.05 


1.21±0.07+0.02-0.03 


3.3 


1.13±0.13-l-0.10-0.05 


1.30±0.06+0.01-0.01 


4 < pi^ < 5 GeV/c 


0.6 


0.89±0.05+0.08-0.10 


1.07±0.13-h0.03-0.03 


1.2 


0.85±0.06-f0.08-0.07 


0.85±0.09+0.08-0.05 


1.7 


1.13±0.13-H0.08-0.10 


1.20±0.13-f0.03-0.04 


2.2 


1.09±0.16-h0.08-0.08 


1.21±0.16-h0.03-0.04 


2.7 


l.ll±0.20-h0.11-0.10 


1.19±0.17-l-0.03-0.04 



TABLE VIII: Near-side jet width for p-f p and 0-20% Au+Au 
for various p^ and p^ bins (Fig. I16p . The width is unchanged 
by interchanging p^ and p^. 

Au+Au 0-20% p+p 



2 < p^ < 3 GeV/c 



(pJ?,) GeV/c 


Width 


Stat 


Sys 


Width 


Sys 


0.6 


0.415 


0.002 


+0.022-0.041 


0.472 


0.006 


1.4 


0.432 


0.001 


+0.024-0.028 


0.364 


0.003 


2.3 


0.410 


0.002 


+0.043-0.019 


0.281 


0.003 






3 < pi^. < 4 GeV/( 






0.6 


0.383 


0.015 


+0.006-0.033 


0.430 


0.012 


1.4 


0.409 


0.004 


+0.028-0.039 


0.314 


0.005 


2.3 


0.365 


0.012 


+0.022-0.016 


0.244 


0.005 


3.3 


0.286 


0.010 


+0.005-0.035 


0.199 


0.007 






4<p^<5 GeV/f 






0.6 


0.394 


0.037 


+0.036-0.027 


0.402 


0.018 


1.4 


0.340 


0.017 


+0.036-0.040 


0.299 


0.008 


2.3 


0.274 


0.012 


+0.011-0.022 


0.225 


0.007 


3.3 


0.223 


0.010 


+0.012-0.027 


0.201 


0.010 


4.4 


0.179 


0.009 


+0.002-0.013 


0.148 


0.011 






5 < p^^ < 10 GeV/ 


c 




0.6 


0.308 


0.059 


+0.016-0.036 


0.385 


0.008 


1.4 


0.303 


0.029 


+0.031-0.040 


0.281 


0.003 


2.3 


0.224 


0.015 


+0.007-0.028 


0.208 


0.003 


3.3 


0.198 


0.012 


+0.008-0.023 


0.165 


0.003 


4.4 


0.155 


0.009 


+0.007-0.014 


0.155 


0.005 


6.6 


0.135 


0.008 


+0.001-0.001 


0.130 


0.004 
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FIG. 36: (Color online) Per-trigger yield versus Atj) for successively increasing trigger and partner pt (pt®Pt) in P + P (open circles) and 0-20 % Au+Au (filled circles) 
collisions. Data are scaled to the vertical axes of the four left panels. Histograms indicate elliptic flow uncertainties for Au-I-Au collisions. 
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FIG. 37: (Color online) Per-trigger yield versus Acj> for successively increasing trigger and partner Pt (Pt ® Pt) in p + p (open circles) and 20-40 % Au+Au (filled 
circles) collisions. Data are scaled to the vertical axes of the three left panels. Histograms indicate elliptic flow uncertainties for Au-I-Au collisions. 
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FIG. 38: (Color online) Per-trigger yield versus Acj> for successively increasing trigger and partner Pt (Pt ® Pt) in p + p (open circles) and 60-92 % Au+Au (filled 
circles) collisions. Data are scaled to the vertical axes of the three left panels. Histograms indicate elliptic flow uncertainties for Au-I-Au collisions. 
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TABLE IX: Centrality dependence of near-side jet widths for 
various pi^ bins (Fig. [T7)l . 





Width 






Stat. Err. 


Sys. Err. 




2 - 


3(g 


)0.4 


- 1 GeV/c 




351.4 


0.367 






0.012 


+0.032-0.043 


299.0 


0.415 






0.007 


-HO.033-0.044 


234.6 


0.424 






0.002 


-hO.024-0.027 


166.6 


0.431 






0.002 


-fO.048-0.041 


114.2 


0.438 






0.002 


+0.048-0.041 


74.4 


0.438 






0.003 


+0.057-0.043 


45.5 


0.436 






0.004 


+0.055-0.030 


14.5 


0.435 






0.003 


+0.059-0.022 


2.0 


0.472 






0.006 


+0.001-0.001 




2 - 


-3c 


82- 


- 3 GeV/c 




351.4 


0.415 






0.005 


+0.054-0.047 


299.0 


0.409 






0.005 


+0.035-0.017 


234.6 


0.410 






0.003 


+0.042-0.019 


166.6 


0.406 






0.008 


+0.006-0.028 


114.2 


0.360 






0.008 


+0.013-0.023 


74.4 


0.352 






0.008 


+0.014-0.033 


45.5 


0.307 






0.005 


+0.015-0.037 


14.5 


0.289 






0.004 


+0.006-0.009 


2.0 


0.281 






0.003 


+0.001-0.001 




3- 


-4c 


83- 


- 4 GeV/c 




351.4 


0.318 






0.019 


+0.023-0.032 


299.0 


0.287 






0.021 


+0.021-0.037 


234.6 


0.271 






0.010 


+0.008-0.013 


166.6 


0.260 






0.010 


+0.012-0.012 


114.2 


0.225 






0.008 


+0.015-0.030 


74.4 


0.228 






0.008 


+0.009-0.011 


45.5 


0.201 






0.008 


+0.005-0.026 


14.5 


0.211 






0.006 


+0.004-0.014 


2.0 


0.199 






0.007 


+0.001-0.001 
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-5c 


84 - 


- 5 GeV/c 




351.4 


0.202 






0.020 


+0.017-0.000 


299.0 


0.191 






0.018 


+0.009-0.019 


234.6 


0.168 






0.013 


+0.021-0.029 


166.6 


0.167 






0.010 


+0.008-0.019 


114.2 


0.142 






0.008 


+0.004-0.001 


74.4 


0.143 






0.009 


+0.005-0.010 


45.5 


0.143 






0.011 


+0.005-0.016 


14.5 


0.161 






0.010 


+0.001-0.003 


2.0 


0.148 






0.011 


+0.002-0.002 




5- 


10 c 


85- 


- 10 GeV/c 




351.4 


0.162 






0.017 


+0.014-0.034 


9QQ n 


n 1 "^^ 






n ni 7 

U.U-L ( 




234.6 


0.133 






0.011 


+0.008-0.031 


166.6 


0.136 






0.009 


+0.007-0.009 


114.2 


0.131 






0.008 


+0.002-0.005 


74.4 


0.113 






0.015 


+0.002-0.008 


45.5 


0.146 






0.016 


+0.001-0.004 


14.5 


0.137 






0.015 


+0.002-0.007 


2.0 


0.130 






0.004 


+0.002-0.002 
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TABLE X: 


Rus in p - 


h p and 0-20% Au+Au for 


various px and px bins (Fig. [T]). 










An + Au 0-20% 






p + p 


(p^) GeV/c 


Rhs 


Stat. 


V2 Err. 


ZYAM Err. 


-Rhs 


Total Err. 


2.0 <p^ < 3.0 GeV/c 


0.66 


0.965 


0.008 


+0.211-0.236 


+0.007-0.000 


2.428 


+0.007-0.000 


1.22 


0.722 


0.008 


-fO.180-0.201 


+0.038-0.002 


2.419 


+0.038-0.002 


1.72 


0.628 


0.010 


-fO.176-0.196 


+0.040-0.005 


2.752 


+0.040-0.005 


2.23 


0.531 


0.016 


-1-0.178-0.198 


+0.051-0.009 


2.673 


+0.051-0.009 


2.73 


0.395 


0.027 


-1-0.198-0.208 


+0.113-0.021 


3.234 


+0.113-0.021 


3.43 


0.402 


0.044 


+0.192-0.198 


+0.083-0.035 


3.325 


+0.083-0.035 


4.43 


0.581 


0.190 


+0.278-0.285 


+0.076-0.119 


4.590 


+0.076-0.119 


6.42 


0.638 


0.213 


+0.114-0.111 


+0.070-0.114 


5.438 


+0.070-0.114 


3.0 < Pt < 4.0 GeV/c 


0.66 


1.003 


0.021 


+0.174-0.183 


+0.000-0.001 


2.553 


+0.000-0.001 


1.22 


0.711 


0.023 


+0.169-0.180 


+0.048-0.007 


2.730 


+0.048-0.007 


1.72 


0.550 


0.028 


+0.166-0.185 


+0.044-0.016 


3.199 


+0.044-0.016 


2.23 


0.384 


0.046 


+0.190-0.213 


+0.093-0.039 


3.418 


+0.093-0.039 


2.73 


0.467 


0.088 


+0.208-0.200 


+0.109-0.065 


3.525 


+0.109-0.065 


3.43 


0.531 


0.122 


+0.166-0.185 


+0.059-0.079 


4.184 


+0.059-0.079 


4.43 


2.145 


1.271 


+0.165-0.216 


+2.705-0.472 


5.528 


+2.705-0.472 


6.42 


2.488 


1.216 


+0.042-0.048 


+2.378-0.567 


7.077 


+2.378-0.567 


4.0 <p?r < 5.0 GeV/c 


0.66 


1.069 


0.057 


+0.157-0.164 


+0.004-0.006 


2.495 


+0.004-0.006 


1.22 


0.971 


0.087 


+0.181-0.202 


+0.003-0.003 


3.464 


+0.003-0.003 


1.72 


0.822 


0.112 


+0.184-0.185 


+0.019-0.024 


3.109 


+0.019-0.024 


2.23 


0.520 


0.179 


+0.223-0.207 


+0.093-0.132 


3.835 


+0.093-0.132 


2.73 


0.443 


0.286 


+0.225-0.254 


+0.146-0.306 


6.726 


+0.146-0.306 


3.43 


2.145 


1.271 


+0.165-0.216 


+2.705-0.472 


5.528 


+2.705-0.472 


4.43 


1.344 


0.565 


+0.056-0.060 


+0.265-0.104 


5.579 


+0.265-0.104 


6.42 


2.489 


0.972 


+0.008-0.009 


+2.250-0.358 


9.191 


+2.250-0.358 


5.0 < Pt < 10.0 GeV/c 


0.66 


1.339 


0.165 


+0.169-0.173 


+0.050-0.039 


3.073 


+0.050-0.039 


1.22 


0.917 


0.162 


+0.140-0.144 


+0.018-0.016 


3.884 


+0.018-0.016 


1.72 


0.645 


0.219 


+0.167-0.198 


+0.071-0.117 


4.915 


+0.071-0.117 


2.23 


0.649 


0.289 


+0.141-0.165 


+0.086-0.169 


5.372 


+0.086-0.169 


2.73 


0.620 


0.283 


+0.079-0.087 


+0.092-0.178 


5.525 


+0.092-0.178 


3.43 


2.488 


1.216 


+0.042-0.048 


+2.378-0.567 


7.077 


+2.378-0.567 


4.43 


2.489 


0.972 


+0.008-0.009 


+2.250-0.358 


9.191 


+2.250-0.358 


6.42 


2.761 


1.015 


+0.004-0.004 


+2.879-0.437 


11.159 


+2.879-0.437 



TABLE XI: Centrality dependence of D from FITl and FIT2 (Fig. [TO]). 







D from FITl 




D from FIT2 


Fraction of shoulder yield(FIT2) 


(iVpart) 


D 


Stat. Err 


Sys.Err 


D 


Stat. Err 


Sys.Err 


Frac 


Stat. Err 


Sys.Err 


351.4 


1.068 


0.016 


+0.032-0.032 


1.192 


0.024 


+0.028-0.028 


0.800 


0.053 


+0.027-0.028 


299.0 


1.090 


0.013 


+0.055-0.062 


1.208 


0.017 


+0.028-0.030 


0.800 


0.044 


+0.053-0.059 


234.6 


1.030 


0.010 


+0.100-0.120 


1.126 


0.022 


+0.045-0.054 


0.842 


0.052 


+0.108-0.128 


166.6 


0.976 


0.016 


+0.110-0.153 


0.983 


0.035 


+0.103-0.036 


0.981 


0.111 


+0.019-0.291 


114.2 


0.865 


0.018 


+0.141-0.123 


0.930 


0.064 


+0.091-0.050 


0.851 


0.246 


+0.149-0.253 


74.4 


0.786 


0.030 


+0.129-0.116 


0.916 


0.045 


+0.085-0.085 


0.750 


0.043 


+0.250-0.195 


45.5 


0.652 


0.021 


+0.074-0.066 


0.996 


0.029 


+0.030-0.030 


0.293 


0.040 


+0.091-0.064 


14.5 


0.000 


0.989 


+0.010-0.000 


1.178 


0.047 


+0.050-0.047 


0.120 


0.029 


+0.049-0.032 
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TABLE XII: Truncated mean px, (pt)) for various ranges and centrality (Fig. I25|) . 

2.0 < Pt < 3.0 GeV/c 



Near-side(GeV/c) Away-side Shoulder(GeV/c) Away-side Head(GeV/c) 



(iVpart) 


(p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


351.4 


0.554 


0.008 


+0.009-0.019 


0.445 


0.011 


+0.001-0.010 


0.388 


0.017 


+0.006-0.017 


299.0 


0.538 


0.007 


+0.015-0.022 


0.453 


0.009 


+0.001-0.011 


0.379 


0.014 


+0.014-0.026 


234.6 


0.530 


0.004 


+0.025-0.012 


0.439 


0.006 


+0.020-0.004 


0.388 


0.008 


+0.042-0.032 


166.6 


0.531 


0.004 


+0.028-0.015 


0.449 


0.007 


+0.018-0.005 


0.407 


0.008 


+0.033-0.042 


114.2 


0.529 


0.005 


+0.028-0.020 


0.441 


0.008 


+0.002-0.007 


0.426 


0.009 


+0.005-0.020 


74.4 


0.549 


0.006 


+0.028-0.024 


0.457 


0.012 


+0.005-0.011 


0.491 


0.012 


+0.039-0.021 


45.5 


0.589 


0.007 


+0.021-0.025 


0.503 


0.017 


+0.000-0.013 


0.540 


0.013 


+0.032-0.027 


25.7 


0.587 


0.009 


+0.020-0.019 


0.487 


0.022 


+0.000-0.014 


0.557 


0.013 


+0.030-0.023 


9.5 


0.600 


0.009 


+0.011-0.022 


0.491 


0.025 


+0.003-0.023 


0.580 


0.013 


+0.016-0.023 


2.0 


0.609 


0.005 


+0.000-0.012 


0.543 


0.014 


+0.000-0.023 


0.603 


0.008 


+0.000-0.012 


3.0 < Pt < 4.0 GeV/c 






Near-side(GeV/c) 


Away-side Shoulder(GeV/c) 


Away-side Head(GeV/c) 




{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


351.4 


0.630 


0.020 


+0.007-0.007 


0.446 


0.031 


+0.018-0.022 


0.349 


0.054 


+0.044-0.060 


299.0 


0.598 


0.017 


+0.021-0.017 


0.446 


0.026 


+0.007-0.018 


0.388 


0.040 


+0.021-0.039 


234.6 


0.590 


0.011 


+0.038-0.019 


0.420 


0.018 


+0.028-0.013 


0.361 


0.027 


+0.057-0.035 


166.6 


0.599 


0.011 


+0.034-0.022 


0.439 


0.019 


+0.009-0.014 


0.416 


0.022 


+0.019-0.040 


114.2 


0.623 


0.011 


+0.036-0.031 


0.475 


0.022 


+0.006-0.014 


0.495 


0.023 


+0.030-0.017 


74.4 


0.646 


0.014 


+0.034-0.025 


0.457 


0.029 


+0.014-0.021 


0.530 


0.025 


+0.036-0.021 


45.5 


0.640 


0.015 


+0.019-0.016 


0.435 


0.033 


+0.011-0.027 


0.539 


0.024 


+0.018-0.017 


25.7 


0.674 


0.018 


+0.016-0.016 


0.446 


0.042 


+0.013-0.033 


0.582 


0.024 


+0.015-0.014 


9.5 


0.725 


0.019 


+0.010-0.044 


0.542 


0.054 


+0.002-0.045 


0.646 


0.024 


+0.011-0.033 


2.0 


0.715 


0.012 


+0.000-0.002 


0.595 


0.030 


+0.002-0.007 


0.689 


0.016 


+0.000-0.001 


4.0 < Pt < 5.0 GeV/c 






Near-side(GeV/c) 


Away-side Shoulder(GeV/c) 


Away-side Head(GeV/c) 


(iVpart) 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


351.4 


0.758 


0.060 


+0.018-0.013 


0.533 


0.140 


+0.045-0.088 


0.495 


0.156 


+0.064-0.146 


299.0 


0.649 


0.039 


+0.020-0.017 


0.447 


0.070 


+0.039-0.055 


0.381 


0.081 


+0.058-0.088 


234.6 


0.698 


0.028 


+0.022-0.043 


0.433 


0.058 


+0.008-0.047 


0.438 


0.062 


+0.006-0.054 


166.6 


0.703 


0.026 


+0.024-0.055 


0.449 


0.046 


+0.002-0.034 


0.513 


0.055 


+0.011-0.034 


114.2 


0.702 


0.026 


+0.039-0.029 


0.501 


0.058 


+0.027-0.036 


0.609 


0.048 


+0.064-0.036 


74.4 


0.717 


0.026 


+0.036-0.028 


0.468 


0.055 


+0.033-0.040 


0.603 


0.043 


+0.047-0.032 


45.5 


0.718 


0.028 


+0.018-0.015 


0.485 


0.073 


+0.039-0.055 


0.597 


0.042 


+0.022-0.021 


25.7 


0.795 


0.034 


+0.014-0.022 


0.556 


0.091 


+0.017-0.047 


0.693 


0.049 


+0.016-0.018 


9.5 


0.827 


0.036 


+0.017-0.014 


0.627 


0.109 


+0.042-0.049 


0.700 


0.043 


+0.017-0.013 


2.0 


0.778 


0.022 


+0.001-0.001 


0.672 


0.057 


+0.005-0.006 


0.777 


0.030 


+0.001-0.001 


5.0 < Pt < 10.0 GeV/c 






Near-side(GeV/c) 


Away-side Shoulder(GeV/c) 


Away-side Head(GeV/c) 


(iVpart) 


{p't) 


Stat 


Sys. 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


351.4 


0.976 


0.110 


+0.136-0.074 


0.640 


0.195 


+0.018-0.051 


0.577 


0.162 


+0.035-0.085 


299.0 


0.876 


0.092 


+0.071-0.042 


0.528 


0.161 


+0.052-0.116 


0.536 


0.285 


+0.081-0.410 


234.6 


0.754 


0.056 


+0.040-0.033 


0.481 


0.109 


+0.043-0.083 


0.619 


0.131 


+0.073-0.058 


166.6 


0.826 


0.057 


+0.023-0.016 


0.356 


0.136 


+0.102-0.194 


0.695 


0.167 


+0.045-0.028 


114.2 


0.758 


0.045 


+0.041-0.031 


0.481 


0.103 


+0.047-0.076 


0.722 


0.077 


+0.069-0.045 


74.4 


0.839 


0.056 


+0.031-0.103 


0.516 


0.161 


+0.006-0.131 


0.663 


0.080 


+0.021-0.064 


45.5 


0.889 


0.054 


+0.034-0.026 


0.654 


0.179 


+0.014-0.033 


0.768 


0.072 


+0.022-0.017 


25.7 


0.791 


0.059 


+0.012-0.013 


0.649 


0.177 


+0.025-0.071 


0.749 


0.077 


+0.015-0.012 


9.5 


0.871 


0.071 


+0.021-0.023 


0.419 


0.142 


+0.073-0.135 


0.853 


0.088 


+0.017-0.018 


2.0 


0.925 


0.013 


+0.001-0.001 


0.720 


0.028 


+0.004-0.005 


0.883 


0.015 


+0.001-0.001 
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TABLE XIII: Truncated mean pr, {p't}, in HR for various Px ^ Pr bins (Fig. [^SJ. 



1.0 < Pt < 7.0 GeV/c 







3.0 < Pt < 4.0 GeV/c 




4.0 < Pt < 5.0 GeV/ 


c 


(iVpart) 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


279.9 


0.383 


0.020 


+0.017-0.039 


0.448 


0.049 


+0.034-0.046 


140.4 


0.469 


0.017 


+0.010-0.014 


0.602 


0.042 


+0.047-0.044 


60.0 


0.560 


0.018 


+0.037-0.020 


0.637 


0.032 


+0.039-0.030 


14.5 


0.643 


0.018 


+0.014-0.024 


0.794 


0.041 


+0.030-0.024 


2.0 


0.732 


0.017 


+0.000-0.002 


0.838 


0.032 


+0.002-0.002 


1.5 < Pt < 7.0 GeV/c 






3.0 < Pt < 4.0 GeV/c 




4.0 < Pt < 5.0 GeV/ 


c 


(iVpart) 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


279.9 


0.398 


0.049 


+0.032-0.042 


0.559 


0.111 


+0.044-0.062 


140.4 


0.525 


0.035 


+0.071-0.059 


0.697 


0.073 


+0.084-0.059 


60.0 


0.643 


0.033 


+0.057-0.040 


0.725 


0.054 


+0.040-0.029 


14.5 


0.753 


0.032 


+0.024-0.021 


0.917 


0.065 


+0.031-0.029 


2.0 


0.827 


0.029 


+0.002-0.002 


0.903 


0.053 


+0.003-0.003 


2.0 <p^ < 7.0 GeV/c 






3.0 <p^< 4.0 GeV/c 




4.0 <p?r < 5.0 GeV/ 


c 


(A^part) 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


279.9 


0.570 


0.135 


+0.128-0.072 


1.026 


0.284 


+0.240-0.150 


140.4 


0.722 


0.075 


+0.285-0.085 


0.918 


0.127 


+0.171-0.093 


60.0 


0.747 


0.054 


+0.052-0.043 


0.843 


0.086 


+0.042-0.033 


14.5 


0.865 


0.051 


+0.025-0.020 


0.989 


0.093 


+0.024-0.026 


2.0 


0.869 


0.045 


+0.004-0.003 


0.924 


0.079 


+0.004-0.004 


2.5.0 <p^ < 7.0 GeV/c 






3.0 <p^< 4.0 GeV/c 




4.0 < Pt < 5.0 GeV/ 


c 


(Apart) 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


279.9 


0.675 


0.231 


+0.078-0.085 


1.188 


0.354 


+0.259-0.140 


140.4 


0.822 


0.107 


+0.231-0.095 


1.021 


0.162 


+0.109-0.073 


60.0 


0.785 


0.074 


+0.044-0.030 


0.884 


0.114 


+0.027-0.023 


14.5 


0.939 


0.071 


+0.018-0.014 


1.037 


0.124 


+0.023-0.019 


2.0 


0.936 


0.066 


+0.006-0.005 


0.972 


0.116 


+0.006-0.006 


3.0 <p^ < 7.0 GeV/c 






3.0 <p!^< 4.0 GeV/c 




4.0 <p?r < 5.0 GeV/ 


c 


(Apart) 


{p't) 


Stat 


Sys 


{p't) 


Stat 


Sys 


279.9 


0.750 


0.305 


+0.082-0.095 


0.963 


0.260 


+0.047-0.037 


140.4 


0.857 


0.121 


+0.107-0.062 


0.902 


0.147 


+0.039-0.032 


60.0 


0.836 


0.092 


+0.032-0.023 


1.085 


0.158 


+0.035-0.029 


14.5 


0.932 


0.085 


+0.008-0.008 


1.033 


0.150 


+0.009-0.008 


2.0 


0.906 


0.083 


+0.004-0.003 


0.993 


0.153 


+0.004-0.004 
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TABLE XIV: Per-trigger yield in NR, HR and SR and various ranges for 2.0 < Pt < 3.0 GeV/c. They are bases for 
Fig. ll2jfT4l and Fig. I18ll20l The systematic uncertainties due to the single particle efficiency are not included (~10%). 

2.0 <pi^< 3.0 GeV/c 



Pt (GeV/c) /|A?>|<7r/3,NR'^^''^ (jV" dA</> ) /| A0-7r|<7r/6,HR '^^'^ ( iY" 1iA?> ) /7r/6<|A</)-7r|<7r/3,SR ( iY" 1iA?> 

Yieldzb Stat. +Sys. -Sys. Yieldi Stat. +Sys. -Sys. Yieldi Stat. +Sys. -Sys. 





0.4-1.0 


(2.24 ± 0.01 + 0.80 


— 


0.42) 


X 


10" 




(1.20 + 0.01 + 0.45 


-0.31) 


X 10" 


]^ 


(2.48 + 0.01 + 0.68 


— 


0.05) 


X 


10" 




1.0-1.5 


(9.14 ±0.05 + 2.03 


— 


1.43) 


X 


10~ 




(3.47 + 0.03 + 1.23 


- 1.02) 


X 


10" 




(9.60 + 0.06 + 1.54 


— 


0.24) 


X 


10" 




1.5-2.0 


(4.48 ± 0.02 + 0.68 


— 


0.54) 


X 


10" 




(1.18 + 0.02 + 0.43 


- 0.39) 


X 10" 




(3.76 + 0.03 + 0.46 


— 


0.10) 


X 


10" 




2.0-2.5 


(1.79 ± 0.01 + 0.22 


— 


0.18) 


X 


10" 




(3.25 + 0.08 + 1.40 


- 1.27) 


X 10" 




(1.23 + 0.02 + 0.15 


— 


0.04) 


X 


10" 


0-20% 


2.5-3.0 


(6.26 ± 0.07 -1- 0.98 


— 


0.52) 


X 


10" 




(7.07 + 0.44 + 5.60 


- 3.80) 


X 10" 




(3.57 + 0.09 + 0.83 


— 


0.13) 


X 


10" 




3.0-4.0 


(3.38 ± 0.05 -1- 0.34 


— 


0.22) 


X 


10" 




(3.14 + 0.31 + 2.04 


- 1.61) 


X 


10" 




(1.56 + 0.07 + 0.25 


— 


0.09) 


X 


10" 




4.0-5.0 


(5.65 ±0.19 + 0.47 


— 


0.44) 


X 


10" 




(4.41 + 1.24 + 2.86 


- 2.72) 


X 10" 




(1.52 + 0.26 + 0.34 


— 


0.34) 


X 


10" 




5.0-7.0 


(1.78 ± 0.12 + 0.26 


— 


0.23) 


X 


10" 




8.83 + 8.19 + 14.41 


- 12.59) X 10 


-6 


(9.16 + 1.67 + 2.28 


— 


2.22) 


X 


10" 




7.0-10.0 


(1.24 ± 0.28 + 0.67 


— 


0.49) 


X 


10" 




— 










— 












0.4-1.0 


(2.27 ± 0.01 + 0.72 


— 


0.67) 


X 


10" 


I 


(1.12 + 0.01 + 0.49 


- 0.48) 


X 


10 




(1.96 + 0.01 + 0.34 


— 


0.11) 


X 


10" 




1.0-1.5 


(8.28 + 0.04 + 2.46 


— 


2.37) 


X 


10" 




(3.14 + 0.03 + 1.70 


— 1.73) 


X 


10" 




(7.69 + 0.06 + 1.12 


— 


0.39) 


X 


10" 




1.5-2.0 


(3.79 + 0.02 + 1.08 


— 


0.90) 


X 


10" 




(1.05 + 0.01 + 0.70 


- 0.66) 


X 


10" 




(2.95 + 0.03 + 0.70 


— 


0.15) 


X 


10" 




2.0-2.5 


(1.47 + 0.01+0.52 


— 


0.24) 


X 


10" 




(2.90 + 0.08 + 2.97 


- 1.90) 


X 


10" 




(9.38 + 0.16 + 4.41 


— 


0.20) 


X 


10" 


20-40% 


2.5-3.0 


(5.60 + 0.06 + 1.27 


— 


0.72) 


X 


10" 




(9.27 + 0.42 + 7.91 


- 5.83) 


X 


10" 




(3.00 + 0.09 + 0.93 


— 


0.12) 


X 


10" 




3.0-4.0 


(3.23 + 0.05 + 0.43 




0.42) 


X 


10" 




(4.87 + 0.30 + 3.04 


- 3.11) 


X 


10" 




(1.33 + 0.06 + 0.12 


— 


0.11) 


X 


10" 




4.0-5.0 


(6.46 + 0.18 + 0.63 


— 


0.66) 


X 


10" 




(1.06 + 0.12 + 0.43 


- 0.46) 


X 


10" 




(2.20 + 0.24 + 0.32 


— 


0.32) 


X 


10" 




5.0-7.0 


(2.37 + 0.11 +0.27 


— 


0.26) 


X 


10" 




(4.54 + 0.76 + 1.68 


- 1.67) 


X 


10" 




(7.67 + 1.50 + 1.98 


— 


1.96) 


X 


10" 




7.0-10.0 


(2.43 + 0.26 + 0.43 


— 


0.43) 


X 


10" 




— 










— 












0.4-1.0 


(1.57 + 0.01 + 0.43 


— 


0.35) 


X 


10" 


-[ — 


(7.52 ± 0.07 + 2.84 


- 2.55) 


X 


10" 


2 


(1.09 + 0.01 + 0.19 


— 


0.06) 


X 


10" 




1.0-1.5 


(5.78 + 0.04 + 1.59 


— 


1.21) 


X 


10" 




(2.24 + 0.03 + 1.03 


- 0.89) 


X 


10" 




(4.03 + 0.06 + 0.92 


— 


0.21) 


X 


10" 




1.5-2.0 


(2.66 + 0.02 + 0.49 


— 


0.44) 


X 


10" 




(8.80 + 0.15 + 3.32 


- 3.26) 


X 


10" 




(1.54 + 0.03 + 0.29 


— 


0.08) 


X 


10" 




2.0-2.5 


(1.12 + 0.01 +0.14 


— 


0.14) 


X 


10" 




(3.43 + 0.08 + 1.02 


- 1.04) 


X 


10" 




(5.74 + 0.15 + 0.42 


— 


0.31) 


X 


10" 


40-60% 


2.5-3.0 


(4.45 + 0.06 + 0.52 


— 


0.48) 


X 


10" 




(1.27 + 0.04 + 0.36 


- 0.35) 


X 


10" 




(1.74 + 0.08 + 0.19 


— 


0.14) 


X 


10" 




3.0-4.0 


(2.77 + 0.05 + 0.24 


— 


0.22) 


X 


10" 




(8.14 + 0.31 + 1.64 


- 1.60) 


X 


10" 




(9.52 + 0.61 + 1.01 


— 


0.86) 


X 


10" 




4.0-5.0 


(6.79 + 0.19 + 0.46 


— 


0.48) 


X 


10" 




(2.04 + 0.13 + 0.29 


- 0.30) 


X 


10" 




(2.08 + 0.24 + 0.33 


— 


0.33) 


X 


10" 




5.0-7.0 


(2.86 + 0.12 + 0.25 




0.25) 


X 


10" 




(1.05 + 0.08 + 0.14 


-0.15) 


X 


10" 




(6.83 + 1.55 + 2.10 


— 


2.11) 


X 


10" 




7.0-10.0 


(2.62 + 0.31 +0.48 




0.47) 


X 


10" 


























0.4-1.0 


(1.15 + 0.01+0.18 




0.17) 


X 


10" 


1 


(6.03 + 0.07 + 1.17 


- 1.15) 


X 


10" 


2 


(6.27 + 0.12 + 1.08 




0.50) 


X 


10" 




1.0-1.5 


(4.28 + 0.04 + 0.66 




0.49) 


X 


10" 


2 


(1.99 + 0.03 + 0.40 


- 0.36) 


X 


10" 


2 


(2.29 + 0.05 + 0.49 




0.11) 


X 


10" 




1.5-2.0 


(1.94 + 0.02 + 0.19 




0.18) 


X 


10" 


2 


(8.25 + 0.15 + 1.31 


- 1.28) 


X 


10" 


3 


(8.72 + 0.29 + 0.74 




0.47) 


X 


10" 




2.0-2.5 


(8.45 + 0.12 + 0.53 




0.57) 


X 


10" 


3 


(3.65 + 0.08 + 0.37 


-0.41) 


X 


10" 


3 


(3.44 + 0.15 + 0.26 




0.21) 


X 


10" 


60-92% 


2.5-3.0 


(3.63 + 0.07 + 0.23 




0.26) 


X 


10" 


3 


(1.48 + 0.04 + 0.15 


- 0.17) 


X 


10" 


3 


(1.12 + 0.08 + 0.12 




0.13) 


X 


10" 




3.0-4.0 


(2.52 + 0.05 + 0.14 




0.15) 


X 


10" 


3 


(9.76 + 0.35 + 0.87 


- 0.97) 


X 


10" 


4 


(5.75 + 0.64 + 0.91 




0.93) 


X 


10" 




4.0-5.0 


(6.63 + 0.23 + 0.44 




0.46) 


X 


10" 


4 


(2.63 + 0.16 + 0.25 


- 0.28) 


X 


10" 


4 


(1.25 + 0.27 + 0.36 




0.36) 


X 


10" 




5.0-7.0 


(3.35 + 0.16 + 0.21 




0.21) 


X 


10" 


4 


(1.79 + 0.11 + 0.11 


-0.11) 


X 


10" 


4 


(1.17 + 0.18 + 0.22 




0.21) 


X 


10" 




7.0-10.0 


(2.90 + 0.41+0.55 




0.55) 


X 


10" 


5 
























0.4-1.0 


(1.02 + 0.01+0.15 




0.01) 


X 


10" 


i 


(6.24 + 0.05 + 0.77 


- 0.05) 


X 


10" 


2 


(5.14 + 0.08 + 1.55 




0.10) 


X 


10" 




1.0-1.5 


(4.00 + 0.03 + 0.28 




0.04) 


X 


10" 


2 


(2.04 + 0.02 + 0.14 


- 0.02) 


X 


10" 


2 


(1.69 + 0.03 + 0.28 




0.04) 


X 


10" 




1.5-2.0 


(1.78 + 0.02 + 0.04 




0.02) 


X 


10" 


2 


(8.64 + 0.11 + 0.18 


-0.10) 


X 


10" 


3 


(6.28 + 0.17 + 0.36 




0.20) 


X 


10" 




2.0-2.5 


(8.20 + 0.09 + 0.10 




0.10) 


X 


10" 


3 


(3.81 + 0.06 + 0.05 


- 0.05) 


X 


10" 


3 


(2.85 + 0.09 + 0.10 




0.10) 


X 


10" 


P+P 


2.5-3.0 


(3.54 + 0.06 + 0.06 




0.06) 


X 


10" 


3 


(1.71 + 0.04 + 0.03 


- 0.03) 


X 


10" 


3 


(1.06 + 0.06 + 0.06 




0.06) 


X 


10" 




3.0-4.0 


(2.64 + 0.05 + 0.04 




0.04) 


X 


10" 


3 


(1.33 + 0.03 + 0.02 


- 0.02) 


X 


10" 


3 


(7.99 + 0.43 + 0.43 




0.43) 


X 


10" 




4.0-5.0 


(6.94 + 0.22 + 0.17 




0.17) 


X 


10" 


4 


(4.17 + 0.17 + 0.08 


- 0.08) 


X 


10" 


4 


(1.81+0.18 + 0.17 




0.17) 


X 


10" 




5.0-7.0 


(3.64 + 0.16 + 0.10 




0.10) 


X 


10" 


4 


(2.23 + 0.13 + 0.05 


- 0.05) 


X 


10" 


4 


(7.22 + 1.12 + 0.96 




0.96) 


X 


10" 




7.0-10.0 


(3.76 + 0.52 + 0.17 




0.17) 


X 


10" 


5 























38 



TABLE XV: Per-trigger yield in various NR, HR and SR for 3.0 < Pt < 4.0 GeV/c. They are bases for Fig. [T21IT41 and 
Fig. II8II20I The systematic uncertainties due to the single particle efficiency are not included (~10%). 

3.0 <p^< 4.0 GeV/c 



Pt (GeV/c) /|A0|<7r/3,NR '^^''^ ( J^^0" ) /| A0-7r|<7r/6,HR 

Yieldzh Stat. +Sys. -Sys. Yieldi Stat. +Sys. -Sys. Yieldi Stat. +Sys. -Sys. 





0.4-1.0 


(2.45 ± 0.04 - 


hO.98 




0.31) 


X 


10" 


1 


(1.62 + 0.02 + 0.54 




0.26) 


X 10" 


1 


(3.23 + 0.05 + 0.89 


— 0.08) 


X 


10" 


1 




1.0-1.5 


(1.09 ±0.02 - 


hO.26 


— 


0.14) 


X 


10" 


\ 


(3.90 + 0.10 + 1.51 


— 


1.02) 


X 10" 


2 


(1.10 + 0.02 + 0.22 


- 0.03) 


X 


10" 


\ 




1.5-2.0 


(5.98 ±0.08 - 


hO.72 


— 


0.60) 


X 


10" 


2 


(1.19 + 0.05 + 0.46 


— 


0.42) 


X 10" 


2 


(4.32 + 0.11 + 0.48 


- 0.17) 


X 


10" 


2 




2.0-2.5 


(2.52 ±0.04 - 


hO.28 


— 


0.20) 


X 


10" 


2 


(2.40 + 0.27 + 1.68 




1.40) 


X 10" 


3 


(1.25 + 0.06 + 0.22 


- 0.08) 


X 


10" 


2 


0-20% 


2.5-3.0 


(9.96 ±0.22 + 1.09 


— 


0.59) 


X 


10" 


3 


(8.44 + 1.43 + 6.18 


— 


4.04) 


X 10" 


4 


(3.62 ± 0.30 + 0.94 


- 0.40) 


X 


10" 


3 




3.0-4.0 


(6.71 ±0.16 + 0.36 


— 


0.37) 


X 


10" 


3 


(5.07+ 1.02 + 2.20 


— 


2.29) 


X 10" 


4 


(1.91 ± 0.21 + 0.28 


- 0.28) 


X 


10" 


3 




4.0-5.0 


(1.49 ±0.06- 


h0.12 


— 


0.12) 


X 


10" 


3 


(1.65 + 0.40 + 0.62 


— 


0.63) 


X 10" 


4 


(1.54 + 0.83 + 1.09 


- 1.09) 


X 


10" 


4 




5.0-7.0 


(6.45 ± 0.42 - 


hO.75 


— 


0.75) 


X 


10" 


4 


(6.18 + 2.70 + 3.82 


— 


3.85) 


X 10" 




(3.51 + 5.43 + 7.28 


- 7.28) 


X 


10" 


5 




7.0-10.0 


(1.03 ±0.10 + 0.16 


— 


0.16) 


X 


10" 


4 
























0.4-1.0 


(2.53 ±0.03 + 0.85 




0.65) 


X 


10" 


1 


(1.58 + 0.02 + 0.54 




0.48) 


X 10" 


1 


(2.61 + 0.04 + 0.56 


— 0.09) 


X 


10" 


1 




1.0-1.5 


(9.94 + 0.13- 


h2.78 




2.44) 


X 


10" 


2 


(3.83 + 0.09 + 1.84 




1.78) 


X 10" 


2 


(8.70 + 0.18 + 1.63 


- 0.45) 


X 


10" 


2 




1.5-2.0 


(5.19 + 0.07- 


h 1.40 




0.87) 


X 


10" 


2 


(1.34 + 0.05 + 0.84 




0.65) 


X 10" 


2 


(3.59 + 0.09 + 1.11 


- 0.16) 


X 


10" 


2 




2.0-2.5 


(2.17 + 0.04 + 0.29 


— 


0.31) 


X 


10" 


2 


(3.48 + 0.24 + 2.09 


— 


2.25) 


X 10" 


3 


(1.01 + 0.05 + 0.08 


- 0.08) 


X 


10" 


2 


20-4070 


2.5-3.0 


(9.74 + 0.20 + 1.15 


— 


1.22) 


X 


10" 


3 


(1.44 + 0.13 + 0.78 


— 


0.84) 


X 10" 


3 


(3.24 + 0.26 + 0.48 


- 0.49) 


X 


10" 


3 




3.0-4.0 


(6.81 + 0.15 - 


hO.54 




0.57) 


X 


10" 


3 


(1.14 + 0.09 + 0.36 




0.38) 


X 10" 


3 


(1.95 + 0.19 + 0.28 


- 0.29) 


X 


10" 


3 




4.0-5.0 


(1.64 + 0.06 - 


hO.ll 




0.11) 


X 


10" 


3 


(3.34 + 0.38 + 0.63 




0.65) 


X 10" 


4 


(2.87 + 0.74 + 0.95 


- 0.95) 


X 


10" 


4 




5.0-7.0 


(9.23 + 0.38 - 


hO.64 




0.64) 


X 


10" 


4 


(2.46 + 0.24 + 0.33 




0.34) 


X 10" 


4 


(1.95 + 0.46 + 0.60 


- 0.60) 


X 


10" 


4 




7.0-10.0 


(8.37 + 0.94 - 


h 1.38 




1.38) 


X 


10" 


























0.4-1.0 


(1.92 + 0.03 - 


hO.42 




0.35) 


X 


10" 


1 


(1.19 + 0.02 + 0.27 




0.25) 


X 10" 


i 


(1.68 ± 0.04 + 0.27 


— 0.07) 


X 


10" 


1 




1.0-1.5 


(7.55 + 0.12- 


h 1.28 


— 


1.22) 


X 


10" 


2 


(3.33 ± 0.08 + 0.88 


— 


0.89) 


X 10" 


2 


(5.51 ± 0.16 + 0.65 


- 0.29) 


X 


10" 


2 




1.5-2.0 


(3.77 + 0.07 - 


h0.51 


— 


0.45) 


X 


10" 


2 


(1.23 ± 0.04 + 0.35 


— 


0.33) 


X 10" 


2 


(1.85 + 0.09 + 0.23 


- 0.13) 


X 


10" 


2 




2.0-2.5 


(1.53 + 0.03 - 


h0.17 


— 


0.14) 


X 


10" 


2 


(4.58 + 0.23 + 1.13 


— 


1.01) 


X 10" 


3 


(5.31 + 0.45 + 0.75 


- 0.59) 


X 


10" 


3 


40-6070 


2.5-3.0 


(8.39 + 0.19- 


h0.60 


— 


0.63) 


X 


10" 


3 


(2.29 + 0.13 + 0.39 


— 


0.42) 


X 10" 


3 


(2.47 + 0.25 + 0.35 


- 0.36) 


X 


10" 


3 




3.0-4.0 


(6.41 + 0.15 - 


hO.34 


— 


0.35) 


X 


10" 


3 


(1.71 + 0.10 + 0.21 


— 


0.21) 


X 10" 


3 


(1.63 + 0.18 + 0.25 


- 0.25) 


X 


10" 


3 




4.0-5.0 


(1.85 + 0.06 - 


hO.lO 


— 


0.11) 


X 


10" 


3 


(4.38 + 0.40 + 0.55 


— 


0.56) 


X 10" 


4 


(2.47 + 0.73 + 0.98 


- 0.98) 


X 


10" 


4 




5.0-7.0 


(8.94 + 0.44 - 


hO.76 


— 


0.62) 


X 


10" 


4 


(3.37 + 0.29 + 0.38 


— 


0.32) 


X 10" 


4 


(9.01 + 4.82 + 7.43 


- 6.20) 


X 


10" 






7.0-10.0 


(1.16 + 0.12 - 


hO.ll 




0.11) 


X 


10" 


4 
























0.4-1.0 


(1.37 + 0.03 - 


hO.28 




0.16) 


X 


10" 


1 


(8.92 + 0.19 + 1.54 




1.11) 


X 10" 


'1 


(9.12 + 0.36 + 2.42 


- 0.53) 


X 


10" 


2 




1.0-1.5 


(6.04 + 0.12 - 


h 1.01 




0.47) 


X 


10" 


2 


(3.38 + 0.08 + 0.56 




0.35) 


X 10" 


2 


(3.58 + 0.16 + 0.91 


- 0.20) 


X 


10" 


2 




1.5-2.0 


(2.91 + 0.06- 


hO.22 




0.21) 


X 


10" 


2 


(1.32 + 0.04 + 0.15 




0.15) 


X 10" 


2 


(1.13 + 0.08 + 0.13 


-0.11) 


X 


10" 


2 




2.0-2.5 


(1.40 + 0.04 + 0.09 




0.09) 


X 


10" 


2 


(5.61 + 0.24 + 0.54 




0.58) 


X 10" 


3 


(3.77 + 0.44 + 0.60 


- 0.59) 


X 


10" 


3 


60-92% 


2.5-3.0 


(6.90 + 0.21+0.40 




0.42) 


X 


10" 


3 


(2.63 + 0.14 + 0.23 




0.25) 


X 10" 


3 


(1.42 + 0.25 + 0.32 


- 0.33) 


X 


10" 


3 




3.0-4.0 


(6.11 + 0.17 + 0.25 




0.26) 


X 


10" 


3 


(2.56 + 0.12 + 0.14 




0.14) 


X 10" 


3 


(1.18 + 0.18 + 0.23 


- 0.23) 


X 


10" 


3 




4.0-5.0 


(2.11 + 0.09- 


h0.09 




0.10) 


X 


10" 


3 


(7.84 + 0.56 + 0.49 




0.50) 


X 10" 


4 


(3.02 + 0.74 + 0.92 


- 0.92) 


X 


10" 


4 




5.0-7.0 


(1.16 + 0.07- 


h0.07 




0.07) 


X 


10" 


3 


(6.24 + 0.48 + 0.35 




0.36) 


X 10" 


4 


(1.31 + 0.50 + 0.69 


- 0.69) 


X 


10" 


4 




7.0-10.0 


(6.14 + 1.86- 


h2.90 




2.90) 


X 


10" 


b 
























0.4-1.0 


(1.26 + 0.02 - 


h0.12 




0.03) 


X 


10" 


1 


(9.18 + 0.14 + 0.61 




0.14) 


X 10" 


2 


(7.19 + 0.22 + 1.22 


- 0.29) 


X 


10" 


2 




1.0-1.5 


(5.74 + 0.08 + 0.16 




0.11) 


X 


10" 


2 


(3.46 + 0.06 + 0.08 




0.05) 


X 10" 


2 


(2.53 + 0.09 + 0.16 


-0.11) 


X 


10" 


2 




1.5-2.0 


(2.88 + 0.05 + 0.06 




0.06) 


X 


10" 


2 


(1.45 + 0.04 + 0.03 




0.03) 


X 10" 


2 


(9.08 + 0.52 + 0.60 


- 0.58) 


X 


10" 


3 




2.0-2.5 


(1.49 + 0.03 - 


h0.03 




0.03) 


X 


10" 


2 


(7.73 + 0.24 + 0.16 




0.16) 


X 10" 


3 


(4.52 + 0.31 + 0.31 


-0.31) 


X 


10" 


3 


P+P 


2.5-3.0 


(7.59 + 0.21+0.18 




0.18) 


X 


10" 


3 


(3.53 + 0.15 + 0.09 




0.09) 


X 10" 


3 


(2.00 + 0.18 + 0.18 


-0.18) 


X 


10" 


3 




3.0-4.0 


(6.35 + 0.18 + 0.13 




0.13) 


X 


10" 


3 


(3.64 + 0.14 + 0.06 




0.06) 


X 10" 


3 


(1.74 + 0.15 + 0.13 


-0.13) 


X 


10" 


3 




4.0-5.0 


(1.76 + 0.09 - 


h0.02 




0.02) 


X 


10" 


3 


(1.16 + 0.08 + 0.01 




0.01) 


X 10" 


3 


(4.20 + 0.70 + 0.16 


-0.16) 


X 


10" 


4 




5.0-7.0 


(1.15 + 0.08 + 0.01 




0.01) 


X 


10" 


3 


(7.15 + 0.65 + 0.05 




0.05) 


X 10" 


4 


(1.88 + 0.44 + 0.10 


-0.10) 


X 


10" 


4 




7.0-10.0 


(1.15 + 0.26 + 0.03 




0.03) 


X 


10" 


4 
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TABLE XVI: Per-trigger yield in various NR, HR and SR for 4.0 < Pt < 5.0 GeV/c. They are bases for Fig. I12ll4l and 
Fig. II8II20I The systematic uncertainties due to the single particle efficiency are not included (~10%). 

4.0 <p^< 5.0 GeV/c 



Pt (GeV/c) /|A0|<7r/3,NR '^^''^ ( J^^0" ) /|A0-7r|<7r/6,HR 

Yieldzh Stat. +Sys. -Sys. Yieldi Stat. +Sys. -Sys. Yieldi Stat. +Sys. -Sys. 





0.4-1.0 


(2.50 ± 0.11 + 0.48 




0.36) 


X 


10" 


1 


(1.96 + 0.07 + 0.32 




0.27) 


X 10" 


1 


(3.66 + 0.14 + 0.33 




0.19) 


X 


10" 


1 




1.0-1.5 


(1.19 ± 0.05 + 0.17 


— 


0.17) 


X 


10" 


\ 


(4.84 + 0.31 + 1.14 


— 


1.17) 


X 10" 


2 


(9.97 + 0.63 + 1.03 




0.87) 


X 


10" 


2 




1.5-2.0 


(6.58 ± 0.24 + 0.66 




0.58) 


X 


10" 


2 


(1.55 + 0.16 + 0.43 


— 


0.38) 


X 10" 


2 


(3.76 + 0.34 + 0.46 




0.44) 


X 


10" 


2 




2.0-2.5 


(3.09 ± 0.12 -f 0.30 


— 


0.25) 


X 


10" 


2 


(2.70 + 0.81 + 1.76 


— 


1.51) 


X 10" 


3 


(1.04 + 0.17 + 0.25 




0.22) 


X 


10" 


2 


0-20% 


2.5-3.0 


(1.42 ± 0.07 + 0.13 


— 


0.13) 


X 


10" 


2 


(7.43 + 4.34 + 7.21 


— 


7.37) 


X 10" 


4 


(3.35 + 0.92 + 1.19 




1.19) 


X 


10" 


3 




3.0-4.0 


(1.25 ± 0.05 + 0.09 


— 


0.09) 


X 


10" 


2 


(1.72 + 0.31 + 0.47 


— 


0.48) 


X 10" 


3 


(1.76 + 0.63 + 0.84 




0.84) 


X 


10" 


3 




4.0-5.0 


(3.63 ± 0.20 + 0.33 


— 


0.33) 


X 


10" 


3 


(5.04 + 1.24 + 1.65 


— 


1.65) 


X 10" 


4 


(7.50 + 2.55 + 3.26 




3.26) 


X 


10" 


4 




5.0-7.0 


(2.35 ± 0.13 + 0.22 


— 


0.22) 


X 


10" 


3 


(5.18 + 0.85 + 1.09 


— 


1.09) 


X 10" 


4 


(4.59+ 1.64 + 2.16 




2.16) 


X 


10" 


4 




7.0-10.0 


(2.63 ± 0.35 + 0.46 


— 


0.46) 


X 


10" 


4 


























0.4-1.0 


(2.27 ± 0.08 + 1.03 




0.45) 


X 


10" 


1 


(1.64 + 0.06 + 0.60 




0.36) 


X 10" 


1 


(2.80 + 0.11 + 0.84 




0.17) 


X 


10" 


1 




1.0-1.5 


(1.03 ± 0.04 + 0.26 


— 


0.16) 


X 


10" 


\ 


(3.86 + 0.24 + 1.70 




1.29) 


X 10" 


2 


(9.10 + 0.48 + 1.58 




0.71) 


X 10" 


2 




1.5-2.0 


(5.59 ± 0.19 + 0.97 




0.66) 


X 


10" 


2 


(1.59 + 0.13 + 0.63 




0.51) 


X 10" 


2 


(3.33 + 0.26 + 0.66 




0.34) 


X 


10" 


2 




2.0-2.5 


(2.80 ± 0.10 + 0.31 




0.33) 


X 


10" 


2 


(5.10 + 0.65 + 2.08 


— 


2.21) 


X 10" 


3 


(1.01 + 0.13 + 0.18 




0.18) 


X 10" 


2 


20-4070 


2.5-3.0 


(1.36 ± 0.05 + 0.12 




0.13) 


X 


10" 


2 


(1.95 + 0.35 + 0.77 


— 


0.80) 


X 10" 


3 


(3.69 + 0.72 + 0.94 




0.94) 


X 10" 


3 




3.0-4.0 


(1.20 ± 0.04 -1- 0.08 


— 


0.08) 


X 


10" 


2 


(2.51 + 0.26 + 0.47 




0.48) 


X 10" 


3 


(2.78 + 0.51 + 0.69 




0.69) 


X 10" 


3 




4.0-5.0 


(4.12 ± 0.17 -1- 0.26 


— 


0.26) 


X 


10" 


3 


(1.31 + 0.11 + 0.14 




0.14) 


X 10" 


3 


(9.06 + 2.02 + 2.57 




2.57) 


X 


10" 


4 




5.0-7.0 


(2.16 ± 0.12 + 0.18 




0.18) 


X 


10" 


3 


(4.57 + 0.75 + 0.91 




0.91) 


X 10" 


4 


< 2.4 X 10 


— 4 










7.0-10.0 


(2.75 ± 0.34 + 0.18 




0.18) 


X 


10" 


4 


























0.4-1.0 


(2.06 ± 0.07 + 0.54 




0.34) 


X 


10" 


1 


(1.43 ± 0.05 + 0.31 




0.23) 


X 10" 


i 


(1.83 + 0.09 + 0.46 




0.13) 


X 


10" 


1 




1.0-1.5 


(9.80 ± 0.32 + 1.36 


— 


1.36) 


X 


10" 


2 


(4.63 + 0.21 + 0.90 


— 


0.92) 


X 10" 


2 


(6.99 + 0.42 + 0.68 




0.65) 


X 


10" 


2 




1.5-2.0 


(5.18 ± 0.17 -1- 0.46 


— 


0.49) 


X 


10" 


2 


(1.90 + 0.11 + 0.30 


— 


0.32) 


X 10" 


2 


(2.41 + 0.22 + 0.30 




0.30) 


X 


10" 


2 




2.0-2.5 


(2.44 ± 0.09 -1- 0.21 


— 


0.21) 


X 


10" 


2 


(7.52 + 0.59 + 1.23 


— 


1.30) 


X 10" 


3 


(8.59+1.17 + 1.56 




1.57) 


X 


10" 


3 


40-6070 


2.5-3.0 


(1.47 ± 0.05 4- 0.09 


— 


0.10) 


X 


10" 


2 


(4.59 + 0.34 + 0.52 


— 


0.54) 


X 10" 


3 


(3.79 + 0.64 + 0.83 




0.83) 


X 


10" 


3 




3.0-4.0 


(1.08 ± 0.04 + 0.07 


— 


0.07) 


X 


10" 


2 


(2.43 + 0.26 + 0.36 


— 


0.36) 


X 10" 


3 


(9.42 + 4.72 + 6.40 




6.41) 


X 


10" 


4 




4.0-5.0 


(3.31 ± 0.18 + 0.26 


— 


0.25) 


X 


10" 


3 


(1.21 + 0.12 + 0.13 


— 


0.13) 


X 10" 


3 


(5.53+ 1.90 + 2.62 




2.52) 


X 


10" 


4 




5.0-7.0 


(2.41 ± 0.14 + 0.14 


— 


0.14) 


X 


10" 


3 


(8.88 + 0.95 + 0.69 


— 


0.69) 


X 10" 


4 


(3.75 + 1.33 + 1.36 




1.36) 


X 


10" 


4 




7.0-10.0 


(1.97 ± 0.43 + 0.43 




0.43) 


X 


10" 


4 


























0.4-1.0 


(1.38 ±0.07 + 0.52 




0.24) 


X 


10" 


1 


(1.06 + 0.05 + 0.28 




0.16) 


X 10" 


1 


(9.05 + 0.89 + 4.79 




1.23) 


X 


10" 


2 




1.0-1.5 


(6.25 ±0.30 + 0.77 




0.70) 


X 


10" 


2 


(3.76 + 0.21+0.49 




0.48) 


X 10" 


2 


(3.28 + 0.39 + 0.60 




0.51) 


X 


10" 


2 




1.5-2.0 


(3.91 + 0.17 + 0.34 




0.32) 


X 


10" 


2 


(1.61 + 0.11+0.21 




0.20) 


X 10" 


2 


(1.43 + 0.21 + 0.28 




0.27) 


X 


10" 


2 




2.0-2.5 


(1.96 + 0.09 + 0.17 




0.15) 


X 


10" 


2 


(8.35 + 0.63 + 0.94 




0.86) 


X 10" 


3 


(4.30+1.10 + 1.43 




1.40) 


X 


10" 


3 


60-92% 


2.5-3.0 


(1.15 + 0.06 + 0.09 




0.09) 


X 


10" 


2 


(4.51 + 0.39 + 0.46 




0.49) 


X 10" 


3 


(2.32 + 0.65 + 0.82 




0.82) 


X 


10" 


3 




3.0-4.0 


(1.23 + 0.05 + 0.06 




0.06) 


X 


10" 


2 


(4.62 + 0.34 + 0.29 




0.30) 


X 10" 


3 


(1.90 + 0.45 + 0.55 




0.55) 


X 


10" 


3 




4.0-5.0 


(3.84 + 0.27 + 0.24 




0.23) 


X 


10" 


3 


(1.54 + 0.18 + 0.12 




0.11) 


X 10" 


3 


(6.30 + 2.14 + 2.36 




2.28) 


X 


10" 


4 




5.0-7.0 


(2.33 + 0.22 + 0.14 




0.14) 


X 


10" 


3 


(1.44 + 0.18 + 0.07 




0.07) 


X 10" 


3 


(1.35 + 1.32 + 1.37 




1.37) 


X 


10" 


4 




7.0-10.0 


(2.85 + 0.83 + 0.27 




0.27) 


X 


10" 


4 


























0.4-1.0 


(1.67 + 0.05 + 0.16 




0.07) 


X 


10" 


1 


(1.21 + 0.03 + 0.08 




0.03) 


X 10" 


1 


(9.66 + 0.52 + 1.62 




0.65) 


X 


10" 


2 




1.0-1.5 


(7.94 + 0.21+0.25 




0.25) 


X 


10" 


2 


(4.83 + 0.16 + 0.12 




0.12) 


X 10" 


2 


(2.79 + 0.22 + 0.25 




0.25) 


X 


10" 


2 




1.5-2.0 


(4.16 + 0.13 + 0.13 




0.13) 


X 


10" 


2 


(2.34 + 0.10 + 0.06 




0.06) 


X 10" 


2 


(1.50 + 0.12 + 0.13 




0.13) 


X 


10" 


2 




2.0-2.5 


(2.21 + 0.09 + 0.06 




0.06) 


X 


10" 


2 


(1.36 + 0.07 + 0.03 




0.03) 


X 10" 


2 


(7.09 + 0.76 + 0.65 




0.65) 


X 


10" 


3 


P+P 


2.5-3.0 


(1.16 + 0.06 + 0.04 




0.04) 


X 


10" 


2 


(7.13 + 0.48 + 0.21 




0.21) 


X 10" 


3 


(2.12 + 0.41 + 0.41 




0.41) 


X 


10" 


3 




3.0-4.0 


(1.05 + 0.05 + 0.03 




0.03) 


X 


10" 


2 


(6.29 + 0.44 + 0.13 




0.13) 


X 10" 


3 


(2.46 + 0.41 + 0.27 




0.27) 


X 


10" 


3 




4.0-5.0 


(4.30 + 0.33 + 0.07 




0.07) 


X 


10" 


3 


(2.53 + 0.27 + 0.04 




0.04) 


X 10" 


3 


(9.06+ 1.99 + 0.73 




0.73) 


X 


10" 


4 




5.0-7.0 


(2.39 + 0.28 + 0.03 




0.03) 


X 


10" 


3 


(1.55 + 0.24 + 0.01 




0.01) 


X 10" 


3 


(4.20+ 1.29 + 0.29 




0.29) 


X 


10" 


4 




7.0-10.0 


(2.29 + 1.06 + 0.03 




0.03) 


X 


10" 


4 
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TABLE XVII: Per-trigger yield in various NR, HR and SR for 5.0 < Px < 10.0 GeV/c. They are bases for Fig. I12ll4l and 
Fig. II8II20I The systematic uncertainties due to the single particle efficiency are not included (~10%). 

5.0 < Pt < 10.0 GeV/c 





(GeV/c) 






( 1 diV"'' \ 










■fn /6<\A4>-iT\<n/3,SR 


^ \ A ( 


1 






/|A0|<7r/3,> 


1 JV" dA<l> 1 


1 


J|A0-7r|<7r/6,HR 




dA4> J 


1 




dA</) 


1 




0.4-1.0 


(2.04 ± 0.25 0.51 - 


0.52) 


X 


10" 


(2.25 + 0.17 + 0.31- 


0.32) 


X 10" 


(3.36 + 0.32 + 0.45 


— 


0.45) 


X 


10" 


1 




1.0-1.5 


(1.17±0.11 -^0.35- 


0.21) 


X 


10" 


1 


(5.59 + 0.72 + 1.85 - 


1.24) 


X 10" 


2 


(1.22 + 0.15 + 0.34 


— 


0.20) 


X 


10" 


1 




1.5-2.0 


(8.45±0.57- 


h 1.22 - 


1.23) 


X 


10" 


2 


(1.34 + 0.38 + 0.68 - 


0.69) 


X 10" 


2 


(4.14 + 0.78 + 1.05 


— 


1.05) 


X 


10" 


2 




2.0-2.5 


(3.05±0.29+0.56- 


0.57) 


X 


10" 


2 


(5.22 + 1.93 + 2.97- 


3.02) 


X 10" 


3 


(1.61 + 0.40 + 0.53 


— 


0.53) 


X 


10" 


2 


0-20% 


2.5-3.0 


(2. 27 ±0.16 + 0.28 - 


0.28) 


X 


10" 


2 


(2.67+ 1.02 + 1.42 - 


1.43) 


X 10" 


3 


(8.61 + 2.15 + 2.74 


— 


2.74) 


X 


10" 


3 




3.0-4.0 


(2.22 ±0.12-^0.20 - 


0.20) 


X 


10" 


2 


(4.01 + 0.74 + 1.01- 


1.01) 


X 10" 


3 


(3.22 + 1.46 + 1.98 


— 


1.98) 


X 


10" 


3 




4.0-5.0 


(8.47 ±0.52 + 0.72 - 


0.72) 


X 


10" 


3 


(2.09 + 0.32 + 0.36 - 


0.36) 


X 10" 


3 


(1.68 + 0.60 + 0.72 


— 


0.72) 


X 


10" 


3 




5.0-7.0 


(5.76 ± 0.36 + 0.48 - 


0.48) 


X 


10" 


3 


(1.40 + 0.22 + 0.24- 


0.24) 


X 10" 


3 


(7.07 + 3.55 + 4.85 


— 


4.85) 


X 


10" 


4 




7.0-10.0 


(8.24 + 1.30 - 


h 2.29 - 


2.29) 


X 


10" 


4 


- 








_ 














0.4-1.0 


(2.53 ±0.21 - 


hO.98- 


0.56) 


X 


10" 


1 


(2.15 + 0.14 + 0.57- 


0.39) 


X 10" 


1 


(3.22 + 0.27 + 0.81 


— 


0.36) 


X 


10" 


1 




1.0-1.5 


(1.11 ±0.09 - 


hO.23- 


0.21) 


X 


10" 


1 


(3.78 + 0.60 + 1.52 - 


1.41) 


X 10" 


2 


(9.89+1.21 + 1.65 


— 


1.61) 


X 


10" 


2 




1.5-2.0 


(6.54 ±0.48 - 


hl.32- 


1.37) 


X 


10" 


2 


(1.08 + 0.32 + 0.80 - 


0.84) 


X 10" 


2 


(9.71 + 6.42 + 9.33 


— 


9.41) 


X 


10" 


3 




2.0-2.5 


(3.40 ±0.25 - 


hO.53- 


0.47) 


X 


10" 


2 


(4.62 + 1.66 + 3.02 - 


2.66) 


X 10" 


3 


(6.14 + 3.33 + 4.50 


— 


4.41) 


X 


10" 


3 


20-40% 


2.5-3.0 


(2. 14 ±0.14 + 0.30 - 


0.23) 


X 


10" 


2 


(5.97 + 0.93 + 1.53 - 


1.18) 


X 10" 


3 


(5.03+ 1.83 + 3.03 


— 


2.32) 


X 


10" 


3 




3.0-4.0 


(2.14±0.11 +0.17- 


0.17) 


X 


10" 


2 


(6.53 ±0.72 + 0.88 - 


0.89) 


X 10" 


3 


(3.25 + 1.28 + 1.67 


— 


1.67) 


X 


10" 


3 




4.0-5.0 


(8.49±0.52 - 


h 0.70 - 


0.70) 


X 


10" 


3 


(2.57 + 0.33 + 0.35 - 


0.35) 


X 10" 


3 


(8.49 + 4.99 + 6.95 


— 


6.95) 


X 


10" 


4 




5.0-7.0 


(6.82 ±0.42 - 


h 0.42 - 


0.42) 


X 


10" 


3 


(2.12 + 0.25 + 0.21- 


0.21) 


X 10" 


3 


(6.51 + 3.10 + 4.23 


— 


4.23) 


X 


10" 


4 




7.0-10.0 


(7.18 ±1.78 - 


h 1.93- 


1.93) 


X 


10" 


4 


- 








_ 














0.4-1.0 


(2.07 ±0.19 - 


h 0.44 - 


0.45) 


X 


10" 


1 


(1.57 + 0.13 + 0.27- 


0.28) 


X 10" 


1 


(1.92 + 0.24 + 0.32 




0.32) 


X 


10" 


1 




1.0-1.5 


(1.15 ±0.08- 


hO.55- 


0.16) 


X 


10" 


1 


(6.97 + 0.55 + 2.79 - 


0.94) 


X 10" 


2 


(6.58+ 1.07 + 5.46 




1.43) 


X 


10" 


2 




1.5-2.0 


(6.80 ± 0.44 - 


h0.90- 


0.93) 


X 


10" 


2 


(2.40 + 0.29 + 0.51 - 


0.53) 


X 10" 


2 


(1.59 + 0.57 + 0.77 




0.77) 


X 


10" 


2 




2.0-2.5 


(3.61 ±0.23 + 0.41 - 


0.42) 


X 


10" 


2 


(1.59 + 0.16 + 0.22 - 


0.22) 


X 10" 


2 


(1.37 + 0.30 + 0.38 




0.39) 


X 


10" 


2 


40-60% 


2.5-3.0 


(1.96 + 0.14 + 0.22 - 


0.22) 


X 


10" 


2 


(5.31 + 0.89 + 1.14- 


1.15) 


X 10" 


3 


(1.59+ 1.64 + 2.18 




2.18) 


X 


10" 


3 




3.0-4.0 


(2.18 + 0.12 - 


h0.15- 


0.15) 


X 


10" 


2 


(7.76 + 0.79 + 0.78 - 


0.78) 


X 10" 


3 


(3.08+ 1.25 + 1.52 




1.52) 


X 


10" 


3 




4.0-5.0 


(8.98 + 0.63 - 


h 0.58 - 


0.58) 


X 


10" 


3 


(3.18 + 0.41+0.29- 


0.29) 


X 10" 


3 


(1.24 + 0.51 + 0.58 




0.58) 


X 


10" 


3 




5.0-7.0 


(6.63 + 0.91 - 


h 0.25 - 


0.25) 


X 


10" 


3 


(1.87 + 0.32 + 0.13 - 


0.13) 


X 10" 


3 


(7.67 + 4.11 + 2.54 




2.54) 


X 


10" 


4 




7.0-10.0 


(6.68 + 2.15 - 


hO.77- 


0.77) 


X 


10" 


4 


- 






















0.4-1.0 


(1.84 + 0.18- 


h 0.44 - 


0.39) 


X 


10" 


1 


(1.48 + 0.13 + 0.25 - 


0.24) 


X 10" 


1 


(1.62 + 0.23 + 0.39 




0.30) 


X 10" 


1 




1.0-1.5 


(1.20 + 0.08 - 


h0.19- 


0.15) 


X 


10" 


1 


(7.38 + 0.55 + 1.02 - 


0.90) 


X 10" 


2 


(5.49 + 0.99 + 1.74 




1.26) 


X 10" 


2 




1.5-2.0 


(5.16 + 0.43- 


h0.71 - 


0.69) 


X 


10" 


2 


(3.01 + 0.31+0.38- 


0.37) 


X 10" 


2 


(2.17 + 0.55 + 0.70 




0.67) 


X 10" 


2 




2.0-2.5 


(3.69 + 0.26 - 


hO.35- 


0.35) 


X 


10" 


2 


(1.95 + 0.18 + 0.18- 


0.19) 


X 10" 


2 


(1.11 + 0.29 + 0.33 




0.33) 


X 


10" 


2 


60-92% 


2.5-3.0 


(2.21 + 0.17- 


h0.20- 


0.20) 


X 


10" 


2 


(9.52 + 1.14 + 1.00 - 


1.01) 


X 10" 


3 


(5.62 + 1.56 + 1.95 




1.95) 


X 10" 


3 




3.0-4.0 


(1.91 + 0.16- 


h0.16- 


0.16) 


X 


10" 


2 


(1.17 + 0.12 + 0.08- 


0.08) 


X 10" 


2 


(1.77+ 1.09 + 1.60 




1.60) 


X 10" 


3 




4.0-5.0 


(8.40 + 1.03 - 


h 0.72 - 


0.72) 


X 


10" 


3 


(5.09 + 0.88 + 0.36 - 


0.36) 


X 10" 


3 


(4.09 + 7.55 + 7.19 




7.19) 


X 10" 


4 




5.0-7.0 


(8.14 + 1.23 + 0.73 - 


0.73) 


X 


10" 


3 


(3.07 + 0.73 + 0.36 - 


0.36) 


X 10" 


3 


< 7.3 X 10 


-4 










7.0-10.0 


(7.30 + 3.43 + 0.33 - 


0.33) 


X 


10" 


4 
























0.4-1.0 


(1.89 + 0.03 + 0.06 - 


0.03) 


X 


10" 


1 


(1.51 + 0.02 + 0.03 - 


0.02) 


X 10" 


1 


(9.83 + 0.28 + 0.65 




0.35) 


X 


10" 


2 




1.0-1.5 


(9.88 + 0.13 + 0.14- 


0.14) 


X 


10" 


2 


(6.74 + 0.10 + 0.07- 


0.07) 


X 10" 


2 


(3.47 + 0.12 + 0.14 




0.14) 


X 


10" 


2 




1.5-2.0 


(5.93 + 0.08 + 0.08 - 


0.08) 


X 


10" 


2 


(3.79 + 0.07 + 0.04- 


0.04) 


X 10" 


2 


(1.54 + 0.07 + 0.08 




0.08) 


X 


10" 


2 




2.0-2.5 


(3.58 + 0.06 - 


h0.04- 


0.04) 


X 


10" 


2 


(2.12 + 0.05 + 0.02 - 


0.02) 


X 10" 


2 


(7.89 + 0.44 + 0.39 




0.39) 


X 


10" 


3 


P+P 


2.5-3.0 


(2.08 + 0.05 - 


h0.02- 


0.02) 


X 


10" 


2 


(1.29 + 0.04 + 0.01 - 


0.01) 


X 10" 


2 


(4.68 + 0.29 + 0.25 




0.25) 


X 


10" 


3 




3.0-4.0 


(2.24 + 0.05 + 0.02 - 


0.02) 


X 


10" 


2 


(1.27 + 0.04 + 0.01 - 


0.01) 


X 10" 


2 


(3.58 + 0.24 + 0.23 




0.23) 


X 


10" 


3 




4.0-5.0 


(9.09 + 0.39 + 0.06 - 


0.06) 


X 


10" 


3 


(5.76 + 0.28 + 0.03 - 


0.03) 


X 10" 


3 


(1.25 + 0.13 + 0.06 




0.06) 


X 


10" 


3 




5.0-7.0 


(6.47 + 0.47 + 0.02- 


0.02) 


X 


10" 


3 


(3.87 + 0.29 + 0.01 - 


0.01) 


X 10" 


3 


(7.23 + 0.99 + 0.21 




0.21) 


X 


10" 


4 




7.0-10.0 


(1.25 + 0.44 + 0.00 - 


0.00) 


X 


10" 


3 
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TABLE XVIII: Pair suppression factor Jaa in NR and HR for various px ® Pt bins. The systematic uncertainties due to the 
single particle efficiency are not included (~17%). 

2.0 < Pt < 3.0 GeV/c 3.0 < Pt < 4.0 GeV/c 



(p^) GeV/c Jaa(|A0| < n/3) 



Jaa(|A0 - 7r| < 7r/6) (p^) GeV/c Jaa(|A0| < n/3) 



Jaa(|A0 - 7r| < 7r/6) 



o 



0.63 1.34 ± 0.01 + 0.52 - 

1.20 1.39 ± 0.01 + 0.32 - 

1.70 1.53 ±0.02 + 0.24- 

2.20 1.33 ±0.02 + 0.17- 

2.70 1.08 ±0.02 + 0.17- 

3.34 0.78 + 0.02 + 0.08- 

4.38 0.50 ± 0.02 + 0.04 - 

5.75 0.30 ± 0.02 + 0.04 - 

8.18 0.20 ±0.05 + 0.11- 



0.25 1.17 ± 0.01 + 0.46 - 0.30 0.63 

0.22 1.03 ± 0.01 + 0.37 - 0.31 1.20 

0.19 0.83 ± 0.02 + 0.30 - 0.27 1.70 

0.13 0.52 ± 0.02 + 0.22 - 0.20 2.20 

0.09 0.25 ± 0.02 + 0.20 - 0.14 2.70 

0.05 0.14 ± 0.01 + 0.09 - 0.07 3.34 

0.04 0.06 ± 0.02 + 0.04 - 0.04 4.38 

0.04 0.02 ± 0.02 + 0.04 - 0.03 5.75 

0.08 - 8.17 



0.88 ± 0.02 + 0.36 ■ 
0.87 ± 0.02 + 0.21 ■ 
0.94 + 0.02 + 0.12- 

0.77 + 0.02 + 0.09 
0.60 + 0.02 + 0.07 
0.48 + 0.02 + 0.03 
0.39 ± 0.03 + 0.03 
0.25 ± 0.02 + 0.03 - 
0.41 + 0.10 + 0.06 



0.11 0.80 ± 0.02 + 0.27 - 0.13 
0.11 0.51 ± 0.02 + 0.20 - 0.13 
0.10 0.37 ± 0.02 + 0.14 - 0.13 

0.06 0.14 + 0.02 + 0.10- 0.08 
0.04 0.11 + 0.02 + 0.08- 0.05 
0.03 0.06 + 0.01 + 0.03- 0.03 
0.03 0.06 ± 0.02 + 0.02 - 0.02 
0.03 0.04 ± 0.02 + 0.02 - 0.02 
0.06 



o 
o 

(M 



0.63 1.67 + 0.01 +0.58- 

1.20 1.55 + 0.01 +0.47 

1.70 1.60 ± 0.02 + 0.46 - 

2.20 1.35 ± 0.02 + 0.47 - 

2.70 1.19 + 0.02 + 0.27- 

3.34 0.92 + 0.02 + 0.12- 

4.38 0.70 + 0.03 + 0.07- 

5.70 0.49 + 0.03 + 0.06- 

8.10 0.48 + 0.08 + 0.09- 



0.49 1.34 + 0.01 + 0.61 - 0.58 0.63 

0.44 1.15 + 0.01 + 0.63 - 0.64 1.20 

0.38 0.91 ± 0.02 + 0.61 - 0.57 1.70 

0.22 0.57 ± 0.02 + 0.58 - 0.37 2.20 

0.15 0.41 ± 0.02 + 0.35 - 0.26 2.70 

0.12 0.27 ± 0.02 + 0.17 - 0.18 3.34 

0.07 0.19 + 0.02 + 0.08 - 0.08 4.38 

0.06 0.15 + 0.03 + 0.06 - 0.06 5.70 

0.09 - 8.15 



1.24 + 0.02 + 0.43 
1.07 + 0.02 + 0.30 
1.11 + 0.02 + 0.30- 
0.90 + 0.02 + 0.12- 
0.79 ± 0.03 + 0.09 - 
0.66 + 0.02 + 0.05 - 
0.57+ 0.04 + 0.04- 
0.49 + 0.04 + 0.03- 
0.45 + 0.11+0.08 



0.32 1.06 + 0.02 + 0.37 - 0.32 
0.26 0.68 + 0.02 + 0.33 - 0.32 
0.19 0.57 ± 0.02 + 0.36 - 0.28 
0.13 0.28 ± 0.02 + 0.17 - 0.18 
0.10 0.25 ± 0.02 + 0.14 - 0.15 
0.06 0.19 ± 0.02 + 0.06 - 0.06 
0.04 0.18 + 0.02 + 0.03- 0.03 
0.03 0.21 + 0.03 + 0.03- 0.03 
0.08 



o 

to 

o 



0.63 1.34 ± 0.01 + 0.42 

1.20 1.26 + 0.01 +0.36 

1.70 1.30 + 0.02 + 0.24 
2.20 1.19 + 0.02 + 0.15 

2.71 1.10 + 0.02 + 0.13 
3.35 0.91 + 0.02 + 0.08 
4.38 0.85 + 0.04 + 0.06 
5.70 0.68 ± 0.04 + 0.06 
8.12 0.61 + 0.11+0.11 



0.30 1.05 ± 0.01 + 0.42 - 0.36 0.63 

0.26 0.95 ± 0.01 + 0.45 - 0.38 1.20 

0.22 0.89 + 0.02 + 0.33 - 0.33 1.70 

0.15 0.78 + 0.02 + 0.23 - 0.24 2.20 

0.12 0.65 + 0.03 + 0.18 - 0.18 2.71 

0.07 0.53 + 0.02 + 0.11 - 0.10 3.36 

0.06 0.43 + 0.03 + 0.06 - 0.06 4.39 

0.06 0.41 ± 0.04 + 0.06 - 0.06 5.70 

■0.11 - 8.07 



1.18 ± 0.03 + 0.28 - 
1.02 + 0.02 + 0.17- 

1.02 + 0.03 + 0.14 
0.80 + 0.02 + 0.09 
0.86 + 0.03 + 0.06 
0.78 + 0.03 + 0.04- 
0.81 + 0.05 + 0.05 - 
0.60 ± 0.05 + 0.05 - 
0.79 + 0.19 + 0.08- 



0.22 1.00 ± 0.02 + 0.24 - 0.21 
0.17 0.75 ± 0.02 + 0.20 - 0.20 

0.12 0.66 + 0.03 + 0.19 - 0.18 
0.07 0.46 + 0.03 + 0.11 - 0.10 
0.07 0.50 + 0.04 + 0.09- 0.09 
0.05 0.36 + 0.03 + 0.04 - 0.05 
0.05 0.29 + 0.03 + 0.04 - 0.04 
0.04 0.37 ± 0.05 + 0.04 - 0.03 
0.08 



o 
CO 



0.63 1.04 + 0.01 +0.23 

1.20 0.98 + 0.01 +0.17- 

1.70 1.00 + 0.01 +0.10- 

2.21 0.94 + 0.02 + 0.06- 

2.71 0.94 + 0.02 + 0.06- 
3.36 0.87+ 0.02 + 0.05 
4.39 0.87 + 0.04 + 0.06- 
5.70 0.84 + 0.05 + 0.06- 
8.01 0.71 + 0.14 + 0.14- 



0.15 0.89 + 0.01 + 0.20 - 0.17 0.63 

0.11 0.89 + 0.01 + 0.19 - 0.16 1.20 

0.09 0.87 + 0.02 + 0.14 - 0.14 1.71 

0.06 0.88 ± 0.02 + 0.09 - 0.10 2.21 

0.07 0.79 ± 0.03 + 0.08 - 0.09 2.71 

0.05 0.67 + 0.03 + 0.06 - 0.07 3.38 

0.06 0.58 + 0.04 + 0.06 - 0.06 4.40 

0.06 0.74 ± 0.06 + 0.05 - 0.05 5.73 

0.14 - 8.01 



0.95 + 0.02 + 0.21 
0.92 + 0.02 + 0.16 
0.89 + 0.03 + 0.07 
0.82 ± 0.03 + 0.05 - 
0.80 ± 0.03 + 0.05 - 
0.84 + 0.03 + 0.04 
1.05 + 0.07 + 0.05 
0.89 + 0.08 + 0.05 
0.47+0.18 + 0.22- 



0.11 0.85 + 0.02 + 0.16 - 0.11 
0.07 0.86 + 0.03 + 0.14 - 0.09 
0.07 0.80 + 0.03 + 0.09 - 0.09 
0.06 0.64 ± 0.03 + 0.06 - 0.07 
0.05 0.65 ± 0.04 + 0.06 - 0.06 
0.04 0.62 + 0.04 + 0.03 - 0.04 
0.05 0.59 + 0.06 + 0.04 - 0.04 
0.05 0.77 ± 0.09 + 0.04 - 0.04 
0.22 
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TABLE XIX: Pair suppression factor Jaa in NR and HR for various px ® Pr bins. The systematic uncertainties due to the 
single particle efficiency are not included (~17%). 

4.0 < Pt < 5.0 GeV/c 5.0 < Px < 10.0 GeV/c 



(p^) GeV/c Jaa(|A0| < n/3) 



Jaa(|A0 - 7r| < 7r/6) (p^) GeV/c Jaa(|A0| < n/3) 



Jaa(|A0 - 7r| < 7r/6) 



o 



0.63 0.48 ±0.02 + 0.10- 

1.20 0.47 ± 0.02 + 0.07 - 

1.70 0.50 ±0.02 + 0.05- 

2.20 0.44 ±0.02 + 0.05 

2.70 0.39 + 0.03 + 0.04- 

3.34 0.38 + 0.02 + 0.03- 

4.38 0.27 + 0.03 + 0.02- 

5.76 0.31 ± 0.04 + 0.03 - 

8.12 0.37+ 0.18 + 0.06 



0.07 0.52 ± 0.02 + 0.09 - 0.07 0.63 

0.07 0.32 ± 0.02 + 0.08 - 0.08 1.20 

0.05 0.21 ± 0.02 + 0.06 - 0.05 1.70 

0.04 0.06 + 0.02 + 0.04 - 0.04 2.20 

0.04 0.03 + 0.02 + 0.03 - 0.03 2.70 

0.03 0.09 + 0.02 + 0.02 - 0.02 3.35 

0.02 0.06 ± 0.02 + 0.02 - 0.02 4.40 

0.03 0.11 ± 0.02 + 0.02 - 0.02 5.79 

0.06 - 8.03 



0.28 ± 0.04 + 0.07 - 
0.31 ± 0.03 + 0.09 - 
0.37 ± 0.03 + 0.05 - 
0.22 + 0.02 + 0.04- 
0.28 + 0.02 + 0.03- 
0.26 + 0.01 +0.02- 
0.24 ± 0.02 + 0.02 - 
0.23 ± 0.02 + 0.02 - 
0.17 ± 0.07 + 0.05- 



0.07 0.39 ± 0.03 ± 0.05 - 0.06 
0.06 0.21 ± 0.03 ± 0.07 - 0.05 
0.05 0.09 ± 0.03 ± 0.05 - 0.05 

0.04 0.06 ±0.02 ±0.04 -0.04 
0.03 0.05 ± 0.02 ± 0.03 - 0.03 
0.02 0.08 ±0.02 ±0.02 -0.02 
0.02 0.09 ± 0.02 ± 0.02 - 0.02 
0.02 0.09 ± 0.02 ± 0.02 - 0.02 
0.05 



o 
o 

(M 



0.63 0.67 ±0.03 + 0.31 

1.20 0.63 + 0.03 + 0.16 

1.70 0.66 + 0.03 + 0.12- 
2.20 0.62 ± 0.03 + 0.07 - 

2.71 0.57 ±0.04 + 0.06- 
3.35 0.56 ± 0.03 + 0.04 - 
4.39 0.47+ 0.04 + 0.03- 

5.72 0.44 + 0.06 + 0.04- 
8.06 0.59 + 0.28 + 0.04- 



0.13 0.67 + 0.03 + 0.25 - 0.15 0.63 

0.10 0.39 + 0.03 + 0.17 - 0.13 1.20 

0.08 0.33 ± 0.03 ± 0.13 - 0.11 1.70 

0.07 0.18 ± 0.03 ± 0.07 - 0.08 2.20 

0.06 0.13 ± 0.03 ± 0.05 - 0.06 2.71 

0.04 0.19 ± 0.02 ± 0.04 - 0.04 3.36 

0.03 0.25 ± 0.03 ± 0.03 - 0.03 4.40 

0.04 0.14 ± 0.03 ± 0.03 - 0.03 5.77 

0.04 - 8.00 



0.57 ±0.05 + 0.22 
0.47 + 0.04 + 0.10 
0.47 + 0.04 + 0.09- 
0.40 ± 0.03 + 0.06 ■ 
0.43 ± 0.03 + 0.06 ■ 
0.40 ± 0.02 + 0.03 ■ 
0.40 + 0.03 + 0.03- 
0.45 + 0.04 + 0.03 
0.24 + 0.10 + 0.07 



0.13 0.60 + 0.04 + 0.16 - 0.11 
0.09 0.24 + 0.04 + 0.10 - 0.09 
0.10 0.12 ± 0.04 + 0.09 - 0.09 
0.06 0.09 ± 0.03 + 0.06 - 0.05 
0.05 0.20 ± 0.03 + 0.05 - 0.04 
0.03 0.22 ± 0.02 + 0.03 - 0.03 
0.03 0.19 + 0.03 + 0.03- 0.03 
0.03 0.23 + 0.03 + 0.02 - 0.02 
0.07 



o 

CO 

o 



0.63 0.85 ± 0.04 + 0.24 - 

1.20 0.85 + 0.04 + 0.12- 

1.70 0.85 + 0.04 + 0.08 

2.21 0.76 + 0.04 + 0.07 

2.71 0.87+ 0.05 + 0.06 
3.37 0.70 + 0.04 + 0.05- 
4.40 0.53 + 0.05 + 0.04- 
5.71 0.69 ± 0.09 + 0.04 - 
8.13 0.59 + 0.30 + 0.13- 



0.14 0.81 ± 0.04 + 0.19 - 0.14 0.63 

0.12 0.66 ± 0.04 + 0.13 - 0.13 1.20 

0.08 0.56 + 0.04 + 0.09 - 0.10 1.70 

0.07 0.38 + 0.04 + 0.06 - 0.07 2.21 

0.06 0.44 + 0.04 + 0.05 - 0.05 2.71 

0.05 0.26 + 0.03 + 0.04 - 0.04 3.39 

0.04 0.33 + 0.05 + 0.04 - 0.03 4.41 

0.04 0.39 ± 0.07 + 0.03 - 0.03 5.74 

0.13 - 8.09 



0.62 ± 0.06 + 0.13 
0.66 ± 0.05 + 0.31 ■ 

0.65 + 0.04 + 0.09 
0.57 + 0.04 + 0.07 
0.53 + 0.04 + 0.06 
0.55 + 0.03 + 0.04 
0.56 + 0.05 + 0.04- 
0.58 ± 0.09 + 0.02 ■ 
0.30 + 0.14 + 0.03- 



0.14 0.58 ± 0.05 + 0.10 - 0.11 
0.09 0.58 ± 0.05 + 0.23 - 0.08 

0.09 0.36 + 0.04 + 0.08 - 0.08 
0.07 0.42 + 0.04 + 0.06 - 0.06 
0.06 0.23 + 0.04 + 0.05 - 0.05 
0.04 0.35 + 0.04 + 0.03 - 0.03 
0.04 0.31 + 0.04 + 0.03 - 0.03 
0.02 0.27 ± 0.05 + 0.02 - 0.02 
0.03 



o 
CO 



0.63 0.70 + 0.04 + 0.27 

1.20 0.67 + 0.04 + 0.08- 
1.71 0.80 + 0.04 + 0.07- 

2.21 0.75 + 0.05 + 0.07- 
2.71 0.84 ± 0.06 + 0.07 - 
3.39 1.00 + 0.07 + 0.05 
4.42 0.76 + 0.08 + 0.05- 
5.74 0.83 + 0.13 + 0.05 
7.99 1.06 + 0.58 + 0.10- 



0.13 0.75 + 0.04 + 0.20 - 0.12 0.63 

0.08 0.66 + 0.04 + 0.09 - 0.09 1.21 

0.07 0.58 + 0.05 + 0.08 - 0.08 1.71 

0.06 0.52 ± 0.05 + 0.06 - 0.05 2.22 

0.07 0.54 ± 0.06 + 0.06 - 0.06 2.72 

0.05 0.62 + 0.06 + 0.04 - 0.04 3.38 

0.05 0.52 + 0.08 + 0.04 - 0.04 4.41 

0.05 0.79 ± 0.16 + 0.04 - 0.04 5.79 

0.10 - 8.10 



0.70 + 0.07 + 0.17- 
0.86 + 0.06 + 0.14- 
0.62 + 0.05 + 0.09- 
0.74 + 0.05 + 0.07- 
0.76 ± 0.06 + 0.07 - 
0.61 + 0.05 + 0.05- 
0.66 + 0.09 + 0.06- 
0.90 + 0.15 + 0.08- 
0.41 ± 0.24 + 0.02 - 



0.15 0.70 + 0.06 + 0.12 - 0.11 
0.11 0.78 + 0.06 + 0.11 - 0.10 
0.08 0.57 + 0.06 + 0.07 - 0.07 
0.07 0.65 ± 0.06 + 0.06 - 0.06 
0.07 0.52 ± 0.06 + 0.06 - 0.06 
0.05 0.66 + 0.07 + 0.05 - 0.05 
0.06 0.63 + 0.11 + 0.04- 0.04 
0.08 0.56 ± 0.14 + 0.07 - 0.07 
0.02 
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